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[P.*I.*ONTOLOG1CAL NoTBB FROM THE LABORATORY OK BuCIITEI. COI.- 
LEOK.— No. I.] 

A NEW GIGANTIC PLACODERM FROM OHIO. 

E. W. Clatpole, Akron, U. 

To tlie two genera and speciee of gigantic placodcrms from the 
Cleveland shale desoribed some years ago by Br. Newberry in the 
Palteontology of Ohio, and in the Monograph on the fossil fishes 
of North America, published by the V. S. Geological t?iin-ey, has 
recently been added a third, equally formidable in its armonr and 
scarcely less in size. This creature has been brought to light by 
the labors of Dr. Wm. Clark, of Berea, 0., to whom geologists 
are also indebted for the material of great additions to our knowl- 
edge of some of the older forms of this remarkable ichtliyic fauna. 
The new fish was found during the autumn of 1K91, on the hori- 
zon and near the place which had yielded Dinichthy* and Tifnn- 
ichthyn. 

Though resembling these, and especially the former, in general 
character, it yet exhibits at least one peculiar feature, in so far as 
yet known, which is sufficient at once to differentiate it from both 
its enormous contemporaries. 

It is not at present possilile to give anj' adequate aecoiint of the 
whole animal, as only a portion of it has yet been found. This 
preliminary note will therefore be limited to a description of the 
lower jaw and the teeth, which have been completely extricated 
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from the matrix, A great part of the rest of the head still re- 
mains broken aad bedded in the stone, and much time and great 
labor must be expended before we shall be in a position to fully 
describe this. No part of the body has been discovered. 




CORCONICHTHYS CLAftKI 

Lower left Duodible of f^orponirAfAyi einrAi 25 ioches loag, Bhowlng; 
groove worn by pre maxillary, lateral proceas ind denticles, tind overlap 
of appareotly two booes ankylosed together (mandibular and articular) . 

Premaxlllary tooth, brokeo, point only. 

Lateral tootb, fitting agatnet lateral process of mandible. 

Itone, exact nature uncertain, apparently a second lateral tooth in up- 
per jaw. 

Gorgonichthys, gf. n., Lotcerjaw or mandihle. 

In general outline this resembles the corresponding bone of Di- 
nickthtf*, from the largest species of which also it does not much 
differ in length, being in this — the only specimen yet known — 25 
inches long. There is the same upward curve at the hinder end, 
where also the bone thins away to a blade-like plate, the end of 
which was apparently received between two thin bony plates and 
afforded attachment for enormous muscles. The ankylosis of tbe 
two l>ones of which tbe Jaw consists is firmer than in Diaickthys; 
that is to say, tbe Jaw appears almost as if itconsisted of only a 
single bone. 

A little in front of the middle the mandible rises into a rounded 
tooth-like process an inch and a half high and otxupying about 
four inches of its length. Each slope of this process is set with 
a row of five or six denticles or rather denticular serrations of the 
bone, standing at right angles to tbe surface. The resemblance 
of the fish in this point to Diaichihyt /lerlztn of the so-called Hu- 
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ron shale, is manifest. D. terrelli, however, of the Cievelaod 
shale, has no such denticles. 

Sinking in front of this process to its average level, the Jaw 
again risce so as to form at its extremity a strong pointed tooth, 
closely resembling that of Itiiiichthyi, roundly triangular in out- 
line and having a total bight of Ave inches. The whole hight of 
this tooth from the lower edge of the jaw is nine inches. 
Upper jaw. 

Opposite to this tooth In the upper jaw is one correepon .ling to 
the great "premaxillary" of Dinichthyt as described by Newberry, 
The specimen is somewhat imperfect, as its base (or upper part) 
has been broken off. So far as preserved it appears rather rounder 
in section and smaller than the great premaxillary of Dinichthyt. 
As in that genus, however, it fitted close against the outer and 
hinder face of the great mandibular tooth, already described. 
This is proved by the groove which it has worn, and in which it 
was lying when found. 

Behind this is the remarkable tooth which most perfectly char- 
acterizes the genus. Homologous to the cutting upper blade of 
the shears of Dtnichtlii/i, it evidently performed no simitar func- 
tion iu the animal. Neither on it nor on the tooth-like process in 
the lower Jaw alxtve mentioned is there the slightest sign of wear 
or rubbJDg, such as is always visible on the Jaws of Dinidithy*. 
This tooth, which measures nine inches from the front to the 
back by seven inches in 'a vertical direction, is totally different 
from the rounded upper blade of Dinichthya, and much heavier. 
It terminates downwards in two blunt processes, whereof the fore- 
most is the larger and the more prominent. Between these fitted 
the Itlunt projection of the lower jaw, though the signs of wear are 
not ver}' conspicuous on either. Both show the usual hard, close 
and polished bony structure that marks the teeth of these fishes. 

The mode of attachment of the upper teeth to the head is, as 
in the case of Dimchthys, not yet known, but their position and 
their evident adaptation to the lower jaw leave no doubt of their 
relationship. The whole outfit constitutes the most formidable 
dentar}- weapon yet known from this or perhaps from any horizon 
excepting possibly '■■CarckaroJun" of the Eocene. 

In addition to all the atxive there is another Ixine whose form, 
structure and position when found strongly indicate a close rela- 
tionship to them. This has been represented in the figure, not- 
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withstanding the uncertainty resultiag from our inability at pres- 
ent to pronounce on its exact position. The blunt tubercle on its 
lower side shows all the usual marks of having been a denticular 
process, and it almost certainly lay close behind the great tooth 
last described. In default of certainty on this point, howpver, I 
prefer merely to indicate its probabilities, and to leave its deter- 
mination for the future. 

Found in the Cleveland sbale, near Berea. O., by Di. W. Clark, and 
named for him In ackaowledvemeDt of hia patience and pereeverance tn 
ez burning and extricating it.* 

THE STRATIGRAPHIC POSITION OF THE OCISHKE 

CONGLOMERATE OF NORTHEASTERN 

MINNESOTA.t 

By Ult 9. Ukant, MIddbbpoIIii. 

Ill the region of Ogishkc Muncic or Kingfisher lake (T. 65-1}, Lake 
Co., Minnesota) is a marked conglomerate of considerable extent 
It is well known to lake Superior geologists as the Ugishke con- 
glomerate. It consists of pebbles of slates, graywackes and 
other clastic rocks, together with those of acid and basic erup- 
tives, all embedded in a matrix of varying composition. Fre- 
<iuently this matrix is a dark or light colored argillnceous slate; 
at other times it resembles graywacke, and again it acquires a 
greenish color and approaches the cbloritic schist of this region. 
But perhaps the most characteristic facics of the matrix is an 
impure quartzyte with angular and rounded grains of quartz; 
fragments of feldspar and hornblende are also present. The 
pebbles are of all sizes up to those over a foot in diameter. They 
are usually well rounded and are sometimes elongated in the 
direction of the strike. The rock has been more or less meta- 
morphosed and in plaJ^es the pebbles approach ao near the matrix 
in character that the conglomeritic nature of the rock can be seen 
only on favorable weathered surfaces. The beds aa a rule stand 
nearly vertical with a general northeasterly strike. However, 
it is often the case that no lamination can be discerned. The 
conglomerate, as far as known, fades off both along and across 
the strike, by simple loss of the pebbles, into the argillytes, green- 

•A short notice of this fosailwaBgivenatihemeetingof the Geological 
Society of America, at ColumbuE, O., In December, iSOl, and the name 
was then first proposed. 

tPubllshed with the permiaeioD of the State Geologist of Minnesota. 
Read before the Minnesota Academy of Natural Sciences, June 14, 18H2. 
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Btoncs and grajwackes to the north, which have been described 
as belonging to the Keenatin series. The exact geographical 
exteat of the conglomerate is not fully knowa ; it covers an area 
of nearly fifteen miles in the immediate vicinity of Ogishke Muncie 
lake, and has been seen to the north on the west shore of West Sea 
Grull lake and also in Ontario at the northwestern corner of 
Saganaga lake* There has been no general agreement in regard 
to the relation of the Ogishke conglomerate to the aurrounding 
rocks, and so it has seemed advisable, in the light of recently 
discovered facts bearing on this point, to give a brief outline of 
the opinions of the different geologists, who have worked in this 
region, concerning the position of the conglomerate; and also to 
state what is definitely known in regard to this question. 

The first notice and discription of this conglomerate was 
given by Prof. N. H. Winchell in 1882. + In tliat description be 
applied no particular name to it, but since then it has been 
universally known among lake Superior geologists as the 
Ogishke Mnncie or Ogishke conglomerate. At first he regarded 
it as part of the series of black slates (Animike) occurring on 
Gunflint lake and also of the series represented by the slaty 
argillytes of the vicinity of Knife lake and westward (Keewatin).t 
On further study, however, the correlation with the latter series 
was entirely abandoned, and until 18R7 he regarded this con- 
glomerate as the basal member of the Animike. i [See end of 
this paper, paragraph on the use of the term Ogishke conglom- 
erate.] In passing westward from the low dipping Animike of 
Gnnflint lake to Ogishke Muncie lake, he says: "There is thus 
seen to l>e an undeniable gradation from the Animike into the 
[upper] conglomerate. "II "The formation of horizontal slatesof 
the vicinity of Gunflint lake and the international boundarj- is the 
same aa the highly tilted state and quartzyte formation that 
passes into the slaty conglomerate of the region of Ogishke 
Muncie lake."** He regards the Ogishke conglomerate as separ- 

*A. C. LawBon, Lake Superior Stratigraphy, Aubk. Qeolouibt, vol. 
VII, page 824, May, 1B91. 

tOeol. and Nat. niat. Survey of Mionesots, 10th (1881) Ana. Rept., p. 90. 

Jlbid., pp. 94-95. 

gibid., 11th (18S2) Ann. Rept., p. 170; 15th (1888) Add. Kept., p. 881; 
leth (1881) Ann. Rept., pp. 91. 97-98; 17tb (1888) Ann. Rept, pp.17, 20,34, 
47; Amer. Gkolooist, vol. I, pp. 1114, Jan., 1888. 

lOeoI. and Nat. Hist. Survey o! Minn., 16tb (1887) Add. Rept, p. 91. 

••Ibid., nth (1888) Ann. Rept., p. 17. 
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ated from the Keewatin by an overlap nnconformity,* and in 
correlating it with rocks of other parte of the lake Superior region 
he makes it the Mimiesota equivalent of the lower slate conglomerat* 
of the original HDronian,t thus putting it as the basal member of 
the original Huronlan group. 

]>r. Alexander Winchell, while admitting the possibility of the 
Ogishke conglomerate being part of the Animike,! still firmly 
believed it to be much older and an upper port of the Keewatin.l 
"The prima, facie evidence would make it part of the Keewatin 
system, conformable in structure and consecutive in historj'.'H 
< 'Litho logically and stratigraphically, therefore, the identiflcatioa 
[of the Ogishke conglomerate with the Keewatin] seems to be com- 
plete. • • * » * • On structTiral as well as lithologieal 
grounds the conglomerate seems to belong to the Keewatin series. ' ' •* 
"Of this, however, I feel authorized to testify — the range of rocks 
lying within the field of my explorations in Minnesota, represents 
bat one 8y8tem."tt Later he said that he regarded the Ogishke 
conglomerate as a basal conglomerate ;It he probably meant the 
basal member of a division of the Keewatin, as he certainly did 
not r^ard it as at the base of the Keewatin. 

Prof. B. D. Irving thought that the Animike slates of Gunfliut 
lake were once continuous with the folded slates of the region of 
Knife and Ogishke Muncie lakes, and that these latter were part 
of the Vermilion lake series of slates (Keewatin). i J '-His (Mr. 
W. M. Chauvenet's) work thus far, as also the results of our 
microscopic study of the sections gathered, has tended to show 
that the Knife lake schists are actually the Animike slates in a 
folded condition. "III! '-The folded schists of Knife and King- 

•Ibid., p. 68. 

fTha Animike black slates and quart7.ytPB and the Ogishke coDglom- 
erate of Minnesota, the equivalents nt the "original Huronian," Aheu. 

Qbolooibt, vol. I, pp. 11-14, Jan., 1886. 

JOeol. and Nat. Hist. Survey of Mian., 14th, (1887) Ann. Rept, pp. 

gibld.. IStti (1886) Ann. Rept., pp. 179, 194-195; leth (1887) Ann. Rept, 
pp. 844-850, 839-360; Proceedings of A. A. A. S., XXXVIII, t88B. 

||16th (188T) Ann. Rept., Minn. Survey, p. 847. 

**Ibld., p. 348. 

ttlbid., lGth(ies6) Add. Rept., p. 19S. At this time he had not seen the 
Animike. 

Jtlbid., 18th (1889) Ann. Rept., p. 215; foot note. 

§§U. S. GeoL Survey, 5th Ann. Kept, pp, 206-207. 

til Ibid., p. 207. 
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fisher (C^ahke Muncie) lakes beloDg evidently to the VermilioD 
lake band."* 

Prof. C. B. Van Hiae agrees with profesBor Irving in 'plac- 
iog the Ogiahke conglomerate as the equivalent of part of the 
Animike and in aeparating it from the Keewatin or that part 
of it which be terma the lower Vermilion, meaning by this the 
iron-bearing aeriea of the Vermilion lake region.t He regards 
the conglomerate aa a newer formation folded in with the older 
rocka of his lower Vermilion, t 

Dr. A. C. Lawaon was the flrat to ahow conclusively that the 
Ogiahke conglomerate ia mnch older than the Animike and 
ia separated from it by an enormona atmctunil and time 
break.] 

The opinions of the more noted geologiata, who have recently 
worked in this r^ion, having laeen given in oatline, we will now 
proceed to a brief consideration of the relationa of the Ogishke 
conglomerate to the rocks above and below it. This will be 
given under three heads: — (1) Relation of the Animike to the 
Saganaga granite, (2) Relation of the Ugiahke conglomerate to 
the Saganaga granite, (3) Relation of the Ogishke conglomerate 
, to the Keewatin, 

Relation of the Animike to the Saganaga granite. On the 
north side of Ounflint lake the Animike is seen in contact with an 
nnderlying series of achigte and granite. This granite ia known 
as the Saganaga granite from the fact that the take of that name 
lies almost wholly within its limits. {| Now the almoat horizontal 
Animike beds rest, in a practically undisturbwl condition, on the 
truncated edges of these achiats, which atand nearly i-ertical. 
And they (the Animike strata) also lie upop the granite perfectly 
unconformable, fitting into the hollows of the eroded surface. 
Thia unconformity of the Animike on the schists and granite has 

*Ibld., p. 308. 

tAu attempt to harmonize some apparently confllctiag vlewB of lake 
Superior BtratlgMpby, Amer. Jour. 8ci., iil, vol. xli, pp. 117-137, Feb, 
1891. 

tibld., pp. 183, IM. 

§Lake Superior Btratigraphy, Ahbr. Gbouiotst, vol. vii, pp. 320-327, 
May, 1801; eBpecially p. 324. 

iiFor a fuller account of tble granite area Bee: 
A.'Winchell, GpoI. and Nat. Hist. Survey of Minn., 18th (1887) Ann. 
Kept, pp. 211-236, 880-834. H. V. Wlnchell, Geological age of the 
Saganaga Bvenlte. Amer. Jour. Sci., iil, vol. .xi.i, pp. 388-890, May, 1891. 
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been desci-ibed by N. H. Winchell,* ln-ing,t A. Winchell.t Van 
HUej and LawBOn, || and no one has ever questioned it. It is 
not necessary in ttiis connection to discues the age of the above 
mentioned vertical schists, concerning which some question has 
been raised,** but it is sufficient for 'the present purpose to con- 
sider only the age of tlie granite. From all our knowledge of 
granite it is never known to have been formed in or to have pene- 
trated strata near the surface; we arc thus forced to conclude 
that after this granite came into its present place and condition 
and before the Auimike was deposited there must have been a 
long period of erosion, during which all the overlying surface 
rocks were removed. Thus there is an enormous difference in 
age between the Animike and the granite, the former being 
separated from the latter by a great unconformity and as long a 
period of erosion as is known in lake Superior geoli^'. 

Relation of l/ie OgUhke conglomerate to the S<iganaffii yrauite. 
This granite has been traced in numerous exposures from tiun- 
flint lake to the western side of Saganaga lake, and there can be 
no doubt that the granite which comes in contact with the 
Keewatin near the western side of the latter lake is the same ae that 
underlying the Animike on the north side of Gunflint lake. On the . 
northwestern corner of Saganoga lake Lawson has found this 
granite in direct contact with the Ogishke conglomerate, where 
the granite cut the conglomerate and the Keewatin rocks in a 
truly irruptive manner, ft Recently the writer has been enabled 
to supplement the observations of Lawson by finding another 
contact between the conglomerate and the granite near the south- 
western corner of the granite area. At this place the irruptive 
nature of the granite in the clastic rocks is clearly seen; it cuts 
across the strike of the conglomerate and has forced its way in 
between the different layers. The granite has also been found 

*Oeol and Nat HisT. Survey of ftlino., 9th (1880) Ann. Kept, p. 82; 
10th(188t)Ann. Hept., p. 88; l«tli (1887) Ann. Ropt., pp. 87, 69. 

tAmer. Jour. 8cl., lit, vol. xxxiv, p. 381, Oct , 1887; U. 8. Qeol. Survey, 
7th Add. RepL, p. 431. 

IGeol. aDd Nat. Bist.Survey of Minn.. 16tU (1887) Ann. Kept, i 
857; Amer, Jour. Sici., 111. vol. xxxiv,p. 314, Oct., 1887; Amkr.C 
vol. I, pp. 14-24, Jan., 1888; Bull. Geol. Soc. Amer., vol. 1, pp. 3 

§U. 8. Geol Survey, lOth Ann. Rept., pi. XUT. 

IJAUBB. Qbolooiht, vol. VII, p. S34, May, 1891. 

••Bull. Geol. Soc. Amer., vol. i, pp. 387-398. 

t+AxER. GboI:0(ii8t, vol. VII, ).. 334, May, 1891. 
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near by in irruptLve contact with undoubted Keewatin rocks. * In 
congideratioD of the above facts — the relation ot the Saganaga 
granite to the Oginhke conglomerate and to the Animike— 
there can no longer be any doubt aa to the relative ages 
of the two series; the latter is much younger than the 
former, being separated from it by . a great unconfunnitj* 
and a long erosion interval. The same is also true of the 
Animike and the Keewatin, no matter what ie the age 
of the vertical scbist^ on which the Animike lies at Gunflint 
lake. 

Relation of tht Ogitkkr coiiglumerate to the Ki-eimitlii, This is 
a subject which as yet cannot i)e regarded as definitely settled. 
Van Hiset considers the two as different formations separated by 
an unconformity. But thus far no entirely conclusive evidence 
on ibis point has been found. A. WinebellJ thought that the 
two were one and were not separated by any interruption in 
deposition. And it must be admitted that in many cases the con- 
glomerate is seen to pass into schists and slates which, aa 
far as the author knows, have not yet been separated from tlie 
Keewatin proper either lilhnlogically or by any utruetvral bretd-. 
There is still need of more detailed observations on this point, 
but it can safely be said that all are agreed that the conglomerate 
is more recent than most of the Keewatin, — no matter whether it 
is considered as a part of the Keewatin or as an infolded younger 
series. For the present it is perhaps better to consider the con- 
glomerate as a part of the Keewatin. 

No attempt to parallelize the Ugishke conglomerate with other 
formations in the lake Superior region is here necessai^-, it being 
the only object of this article to present briefly the various opin- 
ions on the position of the conglomerate and to state its actual 
relations, 30 far as is known, to the rocks in its immediate vicin- 
ity. The terms Keewatin and Vermilion have been used in the 
sense employed by the >Iinnesota survey, — i. e., the former is the 
series of greenstones, graynackes, slates and earthy and semi- 
crystalline schists extending from Vermilion lake to and through 



*lIore detailed accounts of these cootatte will appear in fonhcon.lng 
reports of ihe CaaadlsD nod Mianesota Burveya. 

tAmer. Jour. Sci., iil, vol. xli, pp. 117-137, Feb., 18B1. 

^Geol. and Nat. Hist. Survey of Hlun., Iflth (1887) Ana. Rept., pp. 347, 
848. ProceedingB A. A. A. 8., XXXVIII, 188a. 
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Knife lake; the latter is tbe aeries o( holocrystalline mica and 
hombleode achiste that often occur both north and south of the 
former. 

The term -Ogishke conglomerate' has been used in this paper, 
as before stat«d, as referring to the conglomeritie terrane of nearly 
vertical dip, which lies on the shores of and to the north of 
Ogishke Muncie lake. This conglomerate has always been con- 
sidered as a single formation, but in 1888 N. H. Winchell* stated 
some evidence for the existence of two conglomerates near this 
place and separated them into an upper and a lower member, which 
he provisionally referred to the Animike and Keewatin reapectively. 
However, the younger of these is largely seen to the southeast of 
(^shke Mnncie lake and has not been studied by other geologists. 
So in this paper the older of these two conglomerates is the one 
under consideration. 

Summary. The Animike and the Ogishke conglomerate can no 
longer be parallelized, as has often been done, for the former is 
separated from the latter by a great structural break and a long 
erosion intenal. For the same reason the Animike can not be 
correlated with the Keewatin. The relation of the Ogishke con- 
glomerate to the Kcewatiu has not yet been conclusively estab- 
lished, but all agree that it is younger than most of the Keewatin, 
and for the present it seems l>est to consider it as part of the 
Keewatin. 

Prtrographieal Laboratory of the. Jokn» Hopkinn Uatverxity, 
Baltimore, April, 1893. 



NOTES ON THE STRATIGRAPHY OF A PORTION 
OF CENTRAL APPALACHIAN VIRGINIA. 

By N. H. Dartoh, I'. S. (leoloEical Survey, Washington, D. C. 

It is the purpose of these notes to describe the salient features 
of the stratigraphic column of the region, to assign definite names 
to certain of its members, and to call attention to a significant 
unconformity at or near the base of the Devonian. The field 
studies were made mainly in connection with the preparation of a 
detailed geologic map of Augusta, Highland, and portions of ad- 

•Geol and Nat. Hist. Survey of Minn., nth (18ST) Ann. Kept., pp. 91-a8. 
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jacent counties covered by the "StauntoD Sheet" of the U. S. 
Geological Sarvey. This map nil! soon be published, together 
with aectioos and explanatory text, so that information regard- 
ing the distribution of the formations and their structure need 
not be given here. 

The principal geologic publications relating to the region are 
the reports" and noteat of the State Survey by W. B. Rogers, 
and a paper by J. L. Campbell, "Silurian formations in Vir- 
giDia."t Although Rogers' observations were made over half a 
centnry ^o, hie reports, and especially the notes, give a remark- 
ably accnrate and comprehensive account of the stratigraphy of 
Appalachian Virginia, but they are so brief that local features 
are not described. In the classification of the Paleozoics Rogers 
sabdivided them into sixteen gronps, to each of which a Roman 
numeral was assigned as a name. For the Carboniferous forma- 
tions descriptive or geographic names were also proposed. These 
numerals have been used to some extent by subsequent writers, 
but names from the New York series have gradually been intro- 
duced, and in the section on the Virginias in Macfarlane's Geo- 
logical Railway Guide, Rogers employs New York names to- 
gether with his numerals, for the formations below the Lower 
Carboniferous. 

Campbell's paper describes a section from Lexington to Warm 
Springs valley, and includes a table of the Silurian rocks "with 
their subdivisions compared with efjuivalent epochs of Dana's 
Manual." 

Although ttie greater number of groups of the lx>wer Paleozoic 
of New York extend through Pennsylvania, and are more or less 
distinctly represented iu Virginia, many of their component 
formations lose their distinctive characters, and their stratigraphic 
range is not apparent in the Virginia sections. Owing to this 
lack of evidence as to the precise stratigraphic equivalency and 
range of the Virginia formations in terms of the New York series, 
the use of New York terms is misleading. In the application of 
the New York nomenclature for Virginia formations names were 

'Reports ol Progreas of the Oeological Survey of the State of Vir- 
^nla, (1B8S-1841). 

■fTho Virginias, Vol. 8, p. 194; Vol. 4, pp. 13, 13, 23, 88, 89, 5fl, 60, 7], 
72, (l»83-ieg8). 

|Aro. Jour. Set., 8d series. Vol. 18, pp. I6-Z9, 110-128. 
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Belected aomewbat arbitrarily and applied to beds in moat cases 
comprisiD^ a much greater stratigraphic range than the name im- 
plies, including deposits having conrdinate names in New York, 
but not presenting typical characters in Virginia. The system 
of classification and nomenclature by which 1 was guided in 
mapping the formations in central Appalachian Virginia is the one 
adopted by the U. S, Geological Survey and described in the 
Tenth Annual Report of the Director, pages 56 to 79. The fol- 
lowing quotations from this report are given in explanation : 

'■The structural diviatons shall be the unite of cartography and shall 
be deslgnated/ortnottonf. Their discrimination shall be baaed upon the 
local aequence of rocks, lines of separation being drawn at points in 
the stratigraphlc column where Hthologlc characters change. * * * 
In every case the deflnltioa should be that which beet meets the prac- 
tical requirements of the geologiat in the field and the prospective 
user of the map; that is to aay, each formation should posseas such 
cbaracleristics that It may be recognized on the ground alike by the 
geologiat and by the layman. 

"As each litbologlc unit is tbe result of conditions of deposition that 
were local aa well as temporary, it is to be assumed that each formation 
la limited in horizoncal extent; the formation should be recognized and 
ahould be called by the same name aa far as it can be traced and Identl- 
Ded by means of Its litholnglc characters, aided by its atratigraphlc 
aasoclalions and ite contained fo^aile. 

"The formations aball receive distinctive designations. The most de- 
sirable deaignationa are binomial, the flrst member being geographic 
and the other Hthologlc. • « * When the formation consists of beds 
differing in Hthologlc character, so that no single lithologic term is ap- 
plicable, the word "formation" shall be substituted for the lithologic 
terra (e. g., Potomac Formation). 

"In the application of formation names, the laws of priority and pre- 
scription shall be observed; but In general the name previously given 
to a structural unit of unlike definition shall not be given to the newly 
defined formation." 

As the Staunton sheet is to be the first published of the maps 
of Appalachian Vii^inia, it was necessary in its preparation to 
carefully consider a nomenclature for the stratigraphlc units for 
tbe region, and to select names which involved no further cor- 
relation than was at present practicable. To this end a few 
names already known were adopted, together with several new 
names derived from prominent localities in the general region. 
These names are applicable for all of central Appalachian Vir- 
ginia, and in some cases for a wider area. They are given in the 
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following list in which are classifled the strata from Siluri. 
Lower Carboniferous: 



Oroop. 


S'S-oSCS!. 


nnmber. 


have bwm niied. 


Thickn««. 






XI 








PoS,o',.SS 


X 


iw!¥. Hogerf .) 


a» to BOO ft. 




(MOeol.Surv.otPB.) 










IXlnpsrt. 


Cauklll(lnpant) 


1000 to 1400 ft. 




JeualngB lormmtlon 


Viii ;; 


Chemnng""^" 


aeuatosaooft. 








HunlltoD " ■' 


500 to two It. 






VII 


ffia,a.,w. 


oioaoott. 








SOOloflOOft. 




(MyeoLStirv.ofP.. 








SUorlsn. 


IV snU V 


Mwllr. and Clinton 


900 to soon. 




Mnrtla«bdiv kHiIn 
Shenandoah llme- 


III 


Hiidmn Hlver 


SOOtolVWlt. 






Valley hiupetonea. 










'"SlreroS-.' 













The term "Shenandoah limestone" is thought to be verj' appro- 
priate, for the Shenandoah valley and river are well linown 
features of its area. The formation comprises in the Staunton 
region a great mass of impure magnesian limestoriea below, grad- 
ing upwards through a series of cherty beds of no gieat thick- 
ness into several hundred feet of light-colored, heavily bedded, 
purer limestones. The lower beds were not found to be fossilifer- 
ous. In the cherty beds only a few middle Ordovician gasteropoda 
were fonnd. In these beds the distribution of cherts is irregular 
in amount, horizon and continuity. The upper member is spar- 
ingly fossiliferous at many localities with a middle to upper 
Ordovician fauna in which the forms Orthie occidrniiilif, 0. 
tmtuJiniiria. Leptifiia afUiiiala. Bnd CAiiMrs tgi-ojieriloit were pre- 
dominant. Ph-urolomaria Kuhcimicii, Coniilaria trt-iitoiieittig, 
PUli/notun tientowiiaU and several others were also noted. 

In his reports and notes Rogers made no attempt to suljdivide 
the great limestone series but fully recognized the charactertistica 
of its several members. In his contriliutions to Macfarlane's 
Gniile the upper beds are placed in the "Trenton,'' and this desig- 
nation has been generally applied to them. J. L. Campbell, in 
the paper ulx>ve referred to, deBcril>eB Ave subdivisions in the 
Lexington region, but in the Staunton region no lines of separation 
were found to l^e suQlcient for arcal distinction. 

The Martinsburg stiales succeed the Shenandoah limestone with 
a thin series of alternating thin bedded limestones and slates at 
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their base. The name is takeo from Msrtinsbui^, in the Shenan- 
doah valtej in West Vii^aia, a region in which the formation is 
extensively and typically exposed. Its lai^est areas are in the 
' great syncline of the Massanntten mountains, and the long nar- 
row area bordering the great valley on the west along the flanks 
of Little North mountain. The rocks are slates and shales, 
mainly of dark color; in the Massanutten syncltne thin beds of 
sandstone are included, and occasional limestone beds or calcar- 
eous streaks occur at other localities. The beds are fossiliferous 
at many points ; graptolites are found in the basal beds, notably 
in some light colored weathered shales in cuts of the Chesa- 
peake & Ohio railway, two miles east of Staunton and further 
east ; along the Little North mountain, and in the Warm Spring, 
Crab Bottom and other anticlinal valleys westward, remains of 
upper Ordovician brachiopoda are moderately abundant. The 
tonus most frequently met with are Lrpta-aa sericen, L. altfr- 
iiata, Orthit tentiidiniiriu. 0. peclinella, and Modiolap»U modio- 
laria. The precise equivalency of the formation is not known, 
but judging f^m its general relations and fauna it probably com- 
prises the Utioa, Hudson River, and possibly small amounts of 
adjacent formations of the New York series. It is the No. Ill 
of Rogers' reports and has generally beeu called "Hudson River. " 

The Massanutten sandstone receives its name from the promi- 
nent Slassanutten mountains in which it is typically developed. 
It also constitutes the Little North mountain, and many other 
prominent ridges in Appalachian Virginia. 

The rocks of the formation vary in local characters, mainly in 
color, thickness of bedding and degree of siliciflcation, but 
white and red quartzites' prevail. In most sections the basal Ireds 
are alternating beds of dark sandstones and shales; these are 
succeeded by white and grey quartzites, which in turn give place 
to thinner bedded red and brown sandstones and shales. The 
formation was separated into two portions, numbers IV and V, 
by Rogera, the lower part supposed to be equivalent to the Medina 
sandstone, and the upper shaly series to the Clinton, Niagara and 
Salina of the New York series; but while this subdivision may 
lie practicable in some sections of the state, it would he most 
arbitrary and variable in the region to which these notes relate. 
The fossil ore horizon containing a Clinton fauna is not well 
developeil in the region west of Staunton, and fossils are rare 
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in any portion of the Maseanutten eaodBtone aeries. In the Goshen 
pass there are several beds bearing moiluacan reinains,an(l Scoli- 
thus (verticaha?) and plants are conspicuous at some localities. 

The Lewistown limestone is believed to i>e the southern ex- 
tension of the l>eds comprised under that name in south central 
Pennsylvania. The formation is a. light colored, heavily bedded, 
relatively pure limeatone, of very uniform character. The oc- 
currence of cherty beds in its upper portion ia a characteristic 
feature, and it is also notably fosailifcrous. The fauna ia Lower 
Helderberg, but in its lower portion are also int«rmingled Orthit el- 
tgiinlul'i and Spiri/era niaffanteimU, representative Niagara forme. 
The more plentiful Loner Helderbei^ species are ZnphrentU rof- 
meri. Strejilelagma ttricfa, Orlliin oblatu. O. pereUgant, SCrepto- 
rhynchiii wolirorthania. Slrophomeiia rhomboidaU*. iStropkodonUi 
heat/lryana, .V. brckii. Cyrtin dulmaiii, Ncucleo»pira vfutricovi, 
Spiri/era egcloptertit, S. ciHeinnui'. A'. perlammeUotvn, H. marro- 
phur<,, K tanu:rfmi, Rh»/uehontllu nahilig. R. /ortHoni. R. ah. 
rupta. Eatoiiia medl'tlis. Atyr/m rflieulari*. Pentiimeriig gnhatiii, 
and many others. The beds have been called Lower Helderberg 
by most writers, but they unquestionably represent a somewhat 
greater stratigraphic range, and the name used by the Second 
Geological Survey of Pennsylvania has been adopted for them. 

The formation is brought up very often in the anticlinals of 
central Appalachian Virginia, ani] it is a conspicuous and valua- 
ble member of the Paleozoic series. It thins gradually east- 
ward, and southwestward it disappears tor some distance in the 
New River region, to reappear in the southwestern corner of the 
state. 

The Monterey sandstone is an arenaceous bed, everywhere 
closely associated with the Lewistown limestone from central Vir- 
ginia through Pennsylvania. It is a coarse grained, light colored 
sandstone or moderately silicified quartzite, usually friable in its 
weathered outcrops. It is number VII of Rogers, and has gen- 
erally been called Oriskany. Its abundant and varied fossils are 
mainly of Oriskany forms, but Lower Helderberg and Hamilton 
fossils are intermingled to a greater degree than in the New 
York Oriskany. The most distinctive Oriskany species recog- 
nized were Orthit kippartonyx. 0. munculota. Spin/era arenrmug, 
S. areclui, X pyxi'il'itiit, Eatoiiia sinuata and ReyiKXffiiriti oviilet, 
Irat there are many others. 
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The boSa undoubtedly comprise uot only the Oriskany, but in their 
upper portion the representativeaof the aeveral coordinate members 
of the ComifBrouB group. For this reason and the general uncer- 
tainty of precise correlation a new name has been adopted for the 
formation. This name is that of the county seat of Highland county, 
Virginia,a region in which the formation is extensively developed. 
Whether to class the Monterey sandstone in the Devonian or Silnrian 
is a question which will have to be decided by the paleontologists. 

Between the Monterey sandstone and the slates of the next 
succeeding formation there is an unconformity by erosion which 
presents some interesting feiitures. Its vertieai extent is not 
great, and it is apparently confined to the more eastern series of 
exposures, but it appears to extend for some distance along the 
Appalachians. In the region west of Staunton the Monterey 
sandstone beds are eroded to a varying depth which reaches its 
maximum in nn area northeast of Goshen, where the black slates 
of the Devonian lie on an irregular eroded surface of the ciierty 
member of the I.ewistown limestone, the Monterey sandstone 
having been entirely removed. The southern extension of the un- 
conformity has not been studied with care, but the abrupt break 
b*!tween the black slates and Monterey sandstone is frequently ob- 
served for many miles southward. The absence of the Monterey 
sandstone and Iiowistown limestone in the New River region Is 
probably due to this unconformity, the occasional masses of black 
chert occurring in their place being the remains of the detritus of 
the latter. In Pennsylvania similar relations have been described 
in some of the central counties, where the "Oriskany" and more 
or less of the asBOCtated formations have been locally removed. 

In central Virginia and also in Pennsylvania to a less extent 
there are iron ore deposits at the base of the Devonian shales. 
In Virginia these deposits have been extensively worked at Low 
Moor, Longdale, Victoria Stineg, Ferrol, Pood Gap, and many 
other places, and tlieir existence appears to be closely related to 
the unconformity. I have examined theae deposits at several 
typical localities, and they appear to lie on the eroded surface, 
where they were probably deposited as bog ores in shallow basins 
of greater or less extent. They have since been buried under 
the great mass of Devonian and Carboniferous de|>osits, and more 
or less secondary arrangement has tnkcn place. This secondary 
deposition would be necessary, jwrhaps, to account for the nature 
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of the ores and the impregnation of the BurroatidiDg rocka with 
more or less fermgiDous mat«rial. 

The Devonian formations in central Appalachian Virginia com- 
prise from 5,000 to 6,000 feet of arenaceous and argillaceons 
deposits, separable into three series. The basal members are 
fissile shales, in greater part black or dark brown in color, con- 
taining occasional thin beds of sandstone and limestone. Their 
aver^^ thickness is about fiOO feel They give place to a series 
of light colored shales, in which olive, grey, and baff tints pre- 
vail, with interbedded light colored sandstones, averaging in all 
about 3,000 feet in thickness. The local sequence of beds in 
this series is variable, but the medial portion consists lai^ly of 
arenaceous members. The upper series is characterized by tbin 
bedded, relatively hard, more or less micaceous sandstones with 
shale intercalations, in greater part dull red, dark grey, and 
brown in color. Its average thickness is about 1,200 feet. 

These series int«i^;rade through beds of passage often amount- 
ing to several hundred feet in thickness, but this amount is vari- 
able in difllerent parts of the region. In his reports and notes 
Sogers classes the two lowerseries under his No. VUl, and sepa- 
rates the upper member, possibly more, as No. IX. The three 
series have also been more or less generally known as Hamilton, 
Chemung and Gatskill, but without any definition of their range. 
Notwithstanding the extensive intergroding, the series are so well 
characterized as wholes that it seemed best to separate them as 
formations. As in the case with most of the other formations, 
it was found that there were no names in existence which could 
be employed with any d^pree of deflniteness, so new names were 
selected. The names adopted were Romney shales, from Rom- 
ney in West Virginia, for the basal series of dark shales, Jen- 
nings formation, from Jennings' gap and Jennings' branch in 
western Augusta county, Virginhi, for the medial series of light 
colored shales and sandstones ; and Hampshire formation from 
Hampshire county, West Vii^nia, for the uppermost series of 
dark sandstones. The Devonian formations are not fossiliferous 
at many horizons in the region west of Staunton. In the Bom- 
ney shales the following species are Corniferous : Di»c!na loihrnig, 
D, mittuta, Orlkii leuco»ia, Strophoilonta demina, Cyrtlna hitmil- 
foaeniit, Spiri/era miicronnltii, K. yrannh'/erit, and Leivrhynchii» 
limitarii. This is a Hamilton group fauna, but the stratigraphic 
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range of Hamilton group equivalents in the Romney abates is not 
apparent, and Haniilton deposits probably extend some distance 
above. 

In the Jennings formation veiy few beds are fossiliferous, and 
they are mainly in the medial beds where Chemung and Portage 
forma occur comprising iSpt'n/fra dinjuncta, S. ituxocoMaHt^ Slrep- 
toThyndiut chemiingentU, Ckoneles nci'litld, and others. 

The Hampshire formation has yielded only a few plant remains 
Which throw no light on the equivalency of the formation, but no 
doubt it comprises the representatives of the Catskill in their en- 
tirety or in greater part. 

The Pocono sandstone is apparently the southern extension of 
the be<ls which bear the name in Pennsylvania. It is the No. X 
f)f Rogers. Its basal beds are coarse grained, quartzite sand- 
stones, sometimes conglomeratic, massively bedded, usually light 
grey in color, and always constituting either a prominent ridge or 
protecting mountain cap. Higher members are thinner bedded 
and dark in color, and contain layers of slate with thin irregular 
■coal beds. These coals have been worked at some localities but 
usually without profit, for the beds are thin, irregular and gen- 
erally much crushed. Lower Carboniferous plant remains occur 
in the coal-l^earing slates but no moUuscan remains were observed. 

On the Staunton sheet the Pocono sandstone caps Elliott's knoli 
and various other high summits, particularly along the Shenan- 
doah mountains, and it also constitutes the high, narrow ridge 
known as Narrow Bach mountain. 

The tireenbrier limestone has been described with considerable 
detail by Rogers, and I have nothing to add to his descriptions. 



ON THE SIGNIFICANCE OF THE WHITE CLAYS OF 
THE OHIO REGION.* 

Bf Fkank Livekbtt. 

The fact has long been known that in southeastern Indiana and 
southwestern Ohio the southern portion of the glaciated district is 
covered to a depth of several feet by clays, distinctly different in 
color and stmeture from the underlying glacial Ijeda, and from 
the surface portions of the glacial drift further north. In the In- 

•The work whoae results appear In thiB paper was carried on under 
the Bupervision of Prea. T. C. ChamlierliD, With whose permiesion this 
paper ta published in advance of the more detailed offlcial report 
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diaua Sturrey Reports the tracts covered by theso claya are spoken 
of as "slasti laud," and in the Ohio Reports they are called the 
"white day distncts." It has also been known for some time 
that there are somewhat similar clay deposits in southern Ohio 
outside the glacial boundary. So far as I am aware these deposits 
outside the glacial boundary have never been, correlated with the 
white clays that cover the southern portion of the glaciated dis- 
trict, nor has a common origin been ascribed to them. On the 
oontrary, they have been attributed to quite distinct agencies and 
conditions in the one district from those which liave been assigned 
in the other. The clays outside the glacial boundary have been 
quite generally attributed to a submergence caused by the hypo- 
thetical Cincinnati ice-dam, while those within the glacial bound- 
ary, being evidently incapable of explanation on this hypothesis, 
have been attributed t« organic agencies such as plants, earth- 
worms, ants, beetles, etc. , which bring fine material to the surface.* 

It is the aim of this paper to show that these deposits are syn- 
chronous, that they hare a common origin, that that origin was 
independent both of ice-dams and of organic agencies, and, fur- 
thermore, that they furnish important evidence concerning the 
sequence of events in this region during the glacial period. 

In the summer and autumn of 188!), I made on examination of 
the portion of the upper Ohio region in the vicinity of the sup- 
posed Cincinnati ice-dam, extending my observations up the river 
as far as the point where the glacial boundary bears away to the 
northeast. Careful comparison was made between the white clays, 
or silts, on Beech Flats and adjacent districts in Pike, Highland 
and Adams counties, Ohio, lying ontside Wright's glacial boundary. 
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and attribtit«d bj* him to a submei^ence occasioned by an ice-dam 
at Cincinnati, and those which cover the glacial drift further west. 
No essential difference of any kind conld be detected. In both 
localities the clay has a depth of 2 — 5 feet, is nearly free from peb- 
bles and coarse grains, and is usually so compact as to be almost 
impervious to water; sandy pockets occur in it, and there are 
places where the clay seems to graduate into a sand or fine gravel 
it also frequently exhibits indietinct lamination. Sucb pebbles as 
occur are either cherty or are of distant (mainly Canadian) deriva- 
tion, no limestones having been observed. The clay contains 
very little calcareous material. The absence of limestone pebbles 
and the smalt amount of calcareous material may, however, be 
due to removal by leaching subsequent to the deposition. Con- 
cretions of iron oxide are common and conspicuous features, 
occurring in the form of balls in all sizes from one-half inch or 
more in diameter down to barely discernible grains. The follow- 
ing result of a chemical analysis of the clay confirms the evidence 
derived from an examination of the coarse particles of the deposit. 
The analysis was made by T. G. Wormley, a chemist of the Ohio 
Survey, and the specimen is from western Highland county which 
lies within the glaciated district. It appears in the Geology of 
Ohio (Volume r, page 445): 

Water combined O.M 

SiUclc acid 62.60 

Alumina 18.90 

Sesqulozlde of Iron 6.80 

Manganese 0.80 

Phosphat« of lime 0.6S 

Carbonate of lime 1.B9 

Carbonate of magneela 1,8S 

Potash and soda 3.^ 

Total 100 10 

Specimens of the clays covering Beech Flats, in Pike county, 
Ohio, and of those covering the till in Highland county, 15-20 
miles back from Wright's glacial boundary, have been submitted 
to Prof. R. D. Salisbnr}' for microscopic examination. He finds 
no essential difference in the specimens. In both situations the}' 
consist mainly of quartz grains, among which arc feldspar frag- 
ments, hornblende and possibly epidote and augite; there are also 
minute iron oxide concretions and coarse grains of chert. The 
material is largely angular, even when the grains are of sufficient 
size to have been liable to rounding under favorable conditions. 
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Not only are the clays of these two localities similar in macrO' 
acopic and microscopic aspect, but they form a practically 
tinaons sheet extendiag from the Beech Flats and adjoining low. 
lands outside Wright's glacial boundary westward onto the glacia- 
ted districts of southwestern Ohio, northern Kentucky and south' 
eastern Indiana, occupying the site of the hypothetical Cincinnati 
ice-dam and showing as strong development below (west of) the 
site of the supposed dam as they do above it The fact that these 
clays cover a part of the glaciated district proves that their dep- 
osition occurred subsequent to the time of maximum glaciation, 
and their distribution shows that the ice-sheet nowhere reached 
the Ohio river while they were being deposited. It is evident, 
therefore, that their deposition cannot be attributed to an ice-dam 
on the Ohio at Cincinnati or at any point below. 

A feature of much importance in connection with these white 
clays is a black soil with leached and highly oxidized subsoil 
which immediately underlies them. The structure of this soil 
corresponds with that of the underlying drift sheet and as a rule 
it appears to be inseparable from it, though the weathering and 
the addition of humus has given it an aspect somewhat different 
from the unweathered portion of the drift. It is of very com- 
mon occurrence and indicates the lapse of a considerable inten'al 
between the retreat of the ice-sheet and the deposition of the clays 
Its presence effectually disproves the current theorj' that the white 
clay was derived through organic agencies, from the underlying 
sheet of glacial drift. 

It has been suggested that the presence of the white clays ff 
not explicable on the foregoing hypotheses, might l>e explained on 
a theorj- of general eubmei^ence doe to a depression of the region 
to sea-level, the main objection urged against this tbeor}- having 
been that it involves a great change in altitude. The facts now 
ascertained, however, remove this objection by indicating the 
occurrence of a depression of several hundred feet, but at the 
same time raise other and more serious objections to the theory 
of general submergence. It is scarcely probable that a tody of 
water of the magnitude indicated, involving as it must have done 
considerable time in its incursion and withdrawal, would leave 
no shore lines sufficiently marked to have attracted notice, but so 
far as I am aware none have been reported. Furthermore presi- 
dent Chamberlin informs me that he has personally examined 
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portions of the states in which, on this tbeor}~, such shore lines 
shonld occur, and not only found none, but discovered no evi- 
dence of any kind to indicate the presence of such a body of 
water. It seems necessary therefore to look further for a solu- 
tion of the problem. 

Comparison has showu a marked similarity between the white 
clay deposit of the Ohio, and the great silt deposit of the upper 
Mississippi. All the phenomena of structure and distribution 
indicate that they originated under similar conditions. This being 
the case it ia evident that a hypothesis which would account for 
the phenomena of the Mississippi region, would also account for 
those of the Ohio, so for a solution of the problem we need only 
apply, to the latter region, an explanation which has proved sat- 
isfactory in the former. A detailed study of the upper Missis- 
sippi region, particularly of that part of it which borders the 
driftless area, was made several years ago by Chamberlin and 
Salisbury', and led them to the conclusion that the distribution of 
the loess and associated silts and clays is best explained on a 
hypothesis of fluvio-lacnstrine deposition.* Kvidenee was found 
that the altitude of the region was much below the priesent per- 
haps not far above sea-level, but instead of its being oecupie<l 
by an inland sea, it is their conception that the valleys became 
silted np so that at the maximum -of depression they were occu- 
pied by shallow, perhaps marshy, lake-like rivers many miles in 
width, whose waters moved slowly seaward from the edge of the 
melting ice-sheet. The constitution of these silts shows a direct 
derivation from glacial waters. The presence of shells of land 
moUusca in the silts, indicates that the region was subject to occa- 
sional or periodic overflow rather than to perpetual and deep sub- 
mergence. 

The applicability of this hypothesis to the Ohio region may 
be made more clear by a consideration of its application to a part 
of Illinois, where similar phenomena occur, but under more simple 
conditions. For nearly a hundred miles north from the extreme 
limit of glaciation in that slate, and extending from the Missis- 
sippi river eastward to the hilly districts of southern Indiana, 
there is a generally flat surface on which there are few, if any. 



pp. 211-316,278-807. 
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morainic features, though there is a nearly contiunous sheet of 
till. A lai^e portiou of this til) sheet is covered by a white clay 
which we have correlated with the white clay of the Ohio region. 
It is similar to that deposit in structure and thickness, and over- 
lies an old land surface with soil and leached subsoil. It may 
prove to be connected with the Ohio clays by a practically con- 
tinuous sheet, the deposit having been traced across Indiana ex- 
cept in the driflless portion of the state which has not J'et been 
examined. 

The north boundary of this deposit is determined by a moraine 
of which it is apparently a dependency,* Northward from this 
moraine are several later ones, which were also fonned under con- 
ditions of low altitude and slack drainage, as is shown by silt 
aprons which fringe their outer border. These moraines appear 
to have been fonned in relatively rapid succession, no soil having 
been found separating the silts in their aprons from the under- 
lying till. They are suoeeeeded on the north by a series of 
moraines which were formed under conditions of high altitude 
and rapid drainage as is shown by gravel aprons and gravel terraces 
leading southward from them. 

Returning to the Ohio district we find that the present north 
boundary of the white clays of southeastern Indiana and south- 
western Ohio, is determined by a moraine, t>ut evidently it is 
not the moraine with which the deposition was connected. That it 
belongs to a later period is shown by moraine headed terraces in 
neighboring valleys which contain gravel and sand, indicating 
clearly that they were formed under conditions of high altitude. 
How far the advance, marked by this moraine, extended beyond 
the one which produced the silts is not known. Two instances 
have been found where silts similar to the white clay occur be- 
neath the till of the later invasion at points a few miles north of 
the moraine referred to. At Oreonsburg, Indiana, which lies 
perhaps five miles from the border of the white clay district, 
Pres. Chamberlin found good exposures of fossil-bearing silt or 
loess beneath the till of the later ice-invasion (See Thinl Annual 
Report of the U. S. Geol. Survey, p. 333). At Wilmington, 
Ohio, which is also situated a few miles north from the north twrder 

*A line connecting the toUowlne cities «ill show appro. ^imHtely the 
dUtribiitlon of this moraine: Lltchfleld, Hllleboro, I^oa, SbelbyvUle, 
HattouD, CharleBtoD, Paris and Terra Haute. 
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of the wbtte claj district, the lat« Dr. L. B. Welch fonnd in many 
wcll9,at a depth of about 30 feet and beneath the till of the newer 
<lrift,a loeHH-like loam containing fossils. As yet it is not certain 
that these overridden silts should be correlated with the white 
clays, but they are of much significance in showing that the ice in 
the later invasion encroached upon silt covered districts. 

The fact that the clay deposits become thinner toward the 
south and are gathered into the valleys, strengthens the view that 
the condition which obtained at the time of their deposition was 
one of overflow rather than of general sobmergeuce. In both 
Indiana and Ohio, the thickness at the border of the moraine is 
four or five feet, occasionally greater, and a gradual decrease is 
found in passing southward, the thickness on the interfluvial 
tracts in southern Ohio, 20-30 miles from the moraine, being 
little more than half as great In Indiana I have made no exami- 
nations so far soath of the moraine but am informed by Pres. 
Ohamberlin, who has explored the drift covered region to some 
extent in the vicinity of the Ohio river, that there is scarcely any 
white clay on the interfluvial tracts for many miles north of the 
river. There is, however, loess-like silt, in small amount, along 
the Ohio below Louisville which he thinks may be correlated with 
these white clays. It is not improbable that the East White 
river carried a lai^e amount of water from southeastern Indiana 
at the time the white clays were being depo8it«d. The white 
clays have been traced down its valley to the point where it 
enters the driftless portion of southern Indiana, and they have 
there as strong a development as anywhere in that part of the 
state. 

From facts presented in the above discussion it appears that 
the white clays and the moraines with which they are associated 
have 0, distinct chronological position, being separated from the 
earliest glociation by an int«rval during which the till sheet was 
undci^oing oxidation and leaching, and from the last glaciation 
by an interval during which a marked change in altitude occurred. 
l<]qually strong evidence of the occurrence of these intervals is 
found in the character of the drainage and the degree of erosion 
As to the relative length of the internals, we can at present offer 
no opinion, little licing known as to the length of time involved 
in the changes by which they are denoted. 
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THE RELATION OF SECULAR DECAY OF ROCKS 
TO THE FORMATION OF SEDIMENTS* 

Ralph S. Task, Ithais, V. Y. 

t. Seculu'Dli'lntegnlldn. <b) Derived tar 8t]rtice Wanh. 

(■) CoDdltioni ot Deur. (c) Derived by Wind Actlau. 

jb| Chiracterlatiri ol Reildntl 8a[l>. id) Derived by Icn Action. 

Ic) Dlttrlbatlan ot He^idual Uoll». <f> Derived by River Action. 

II. Kormalion of SedIioi>ii(«. <t) Derived br Ibe Sea direct. 

<B) Oenenl HtaUment. (|) Sainiuiiry, 

/. Secular Dttintegration. 

(a) Conditiont of Decay. 

Rocks &ra composed of minerals in greater or less variety both 
as to character and quantity, and the decay of rocks depends upon 
both the chemical and mechanical weakness of the matenal. 
The chief factors in rock disintegration are the mechanical ef- 
fects of heat, frost and oi^anic life, and the chemical decay of 
minerals. 

Qnartzose rocks decay with extreme slowness and their disin- 
tegration is chiefly mechanical. Limestone disappears rapidly, 
but soil accumulates slowly i>ecauae of the solubility of the com- 
ponent minerals, the insoluble impurities alone remaining. Slates 
and other clay rocks, being themselves lately composed of resid- 
ual products, and hence not subject to extreme chemical altera- 
tion, produce soil slowly except by mechanical means. The rocks 
best fitted for rapid and extensive production of residual soils 
are the crystalline rocks both of igneous and metamorphic origin. 
This is particularly the case with those rich in the lime soda 
feldspar, hornblende and the like. These are broken up by decay 
into the less soluble silicates and the soluble protoxide liases. 
Since a given quantity of a very easily destroyed rock,such as lime- 
stone, disappears quickly, but leaves a small residuum, whereas the 
same quaatity of a less soluble rock disappears more slowly but 
with greater residual product, the resulting amounts of residuum 
in the two cases, in a given time may not be widely different. 

The chemical decay of rocks goes on often to a very great 

*TbiB enssy was [prepared Tor another purpose, and Is tu the main an 
abstract of the present knowledge on the subject. The scattered stale 
of the literature on Secular DIglnteKrHtlon, and the general Interest of 
the subject, has prompted me to publish this summary where It will be 
accessible. 
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(lepth, and in many regions a deep residual soil has been the 
result. The best conditions for the formation of such a soil are 
a moist climate and a region of abundant v^etatton wMcb sup- 
plies to the percolating water the necessarj- acids with which the 
chemical alteration of minerals is advanced. It seems also that 
secular decay proceeds more rapidly in warm than cold climates, 
though of this we have as yet no fair test, since the regions in 
the north so far studied have been recently glaciated and their 
residual soils removed. Theoretically this should be a factor of 
importance, for the abundance of decaying vegetation, the amount 
of rainfall, the duration of time when, through absence of frost, 
the n~ater can percolate into the soil from the surface, and tbe 
greater temperature of the water in warm countries are all in 
favor of the greater activity of rock decay in such regions. 

(6) ChariicUritticK of Residual iSoih. 

The ultimate result of secular decay is essentially a soil of un- 
iform character, whatever the nature of the rock may be. This 
is BO because as the process continues chemical alteration proceeds 
to the last degree, the greater part of the soluble salts ore re- 
moved, and only the insoluble parts remain, and these are quite 
uniform in character. Thus Cnamberlain and Salisbury'* state 
that in the driftlesB area of Wisconsin the residual soil on the 
sandstone differs but little from that on the limestone except that 
it is compact on the snrface and more siliceous below. 

The immediate product, of decay, however, depends largely 
upon the character of the source. According to professor Pum- 
pellyt granites, syenites, gneisses, diorites, etc., produce argil- , 
laceous sand or sandy clay ; porphyries, basalts, trachytic rocke, 
etc., produce ferruginous clays; impure limestones and dolomites 
undergo the greatest shrinkage leaving masses of sandy clay, 
often with chert; and calcareous sandstones and clays also leave 
sands and clays. 

A residuum from secular rock -disintegration consists, in its 
l>est development, of several zones, grading insensibly down- 
ward into the undecomposed rock. On the surface it is a clay, 
more or less siliceous, composed almost entirely of insoluble 
minerals in a very fine state of division. This zone extends as 

♦Sixth Annual Kept. U. S. Geol. tiun'ey, pp. 240-58. 
tAm. J. Sci. 1879, xvii, pp. 133-144. 
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far down as thorough decay has extended. Below thie the clay 
contaiDH a. greater percentage of soluble salts, is less finely divided 
and often contains undecayed masses of rock. Chert and pieces 
of quartz of moderate size are found in r^ons capable of sup- 
plying such substances, while in some of the soils derived from 
such igneous rocks as granite and basalt weathered and ronndeil 
boulders of disintegration, often fresh in the core, are common. 
This gradually passes into the quite thoroughly disintegrated but 
not completely decayed rook, where all the minerals are present 
in original form, if not in substance, and where the original 
structure may be plainly traced, although the rock is as easily 
torn to pieces as so much unconsolidated clay. When this occurs 
in rocks of metamorphic origin, the planes of schiitosity are often 
as well defined as in the original unaltered rock. This by de- 
grees grades into the perfectly fresh unaltered rock. 

(c) IHttribatiott of Retidual Snil». 

Such soils as the above are found in various parts of the 
world. In northern Europe and northern America they are 
absent, having been swept from the surface by the continental 
ice sheets. In America, in the Hoosac mountains, in western 
Massachusetts, the rock was found, in the western end of the 
Hoosac tunnel, to be deeply disintegrated, though no residual 
soil was found.* 

At several points in southern Massachusetts, decay in the pin- 
tonic rocks is quite marked; and at Middlesex Fells, west of 
Cambridge, a diabase dike is deeply disintegrated, in places to a 
depth of tiMMf feet, to a gravel which can be easily worked 
with a shof£C-' Rounded boulders with an undecomposed core 
are present ilMthis mass. Similar cases occur in the very much 
rifted granite of Essex and Cape Ann, MaBs.,1 and these cases 
are post glacial, the disintegration Ijcing the same in glacially 
transported boulders as in the lied rock. In the Middlesex Pells 
dike the rochtt moufoxe'et surface of the decayed diabase still- 
retain the glacial strite. These facts show how rapidly disinte- 
gration may proceed, even in a cold climate, in rocks of weak 
cliemicai composition. The process is not complete in these in- 

•Hunt, Am. J. 8oi , 1883, xxvi, 190-213. 

tPiret noticed by Mr. J. B. Woodworth, of Harvard Univereitj". 
tShaler, Ninth Ann. Rept , U. S. Geol. Survey, p 567; Tarr, Am. J, Sei.. 
April, 18»1. 



^chyGocx^le 



2S The Awerican Geologht. JiIt, un 

staDfieR, for so far it has goae no farther than mere disint^^- 
tion. The production of a residual soil is a much slower process. 

The case of the Hoosac moaatains mentioned sbore, may be 
one in which a pi^Udall.v decayed rock has remained anre- 
moTed through the entire period of ice erosion. Wbellier thb 
be so or not we have in the driftless area of Wisconsin, a very 
remarkable instance of a pre or intei^lacial reudual soil in a 
region which was sarronnded by ice, thoagh itself untouched by 
the ice.* In this area there b a widespread clay, quite onlike 
drift clays in that it is never stratified, and contains no angular 
fr^fments. It b an exceedingly tenacioaB claj^ retaining mois- 
ture, and when it dries forming a "joint clay.'' The grains of 
silica are somewhat dissolved and etched by solution and weath- 
ering, the alkaline bases are entirely decomposed and the more 
soluble residues removed, while only soluble snbstances remain. 
From the decayed limestone and dolomite strata, the lime and 
magnesia, together with such alkalies as may have been present, 
are dissolved away, the mechanically included foreign materiab 
alone remaining. The average depth of this residnary material 
over the driftless area is 7.08 feet. 

A more marked case of secular decay is found in the Atlantic 
coast states south of the glacial belt.t The mica schists of 
Pennsylvania and Maryland are often disintegrated to a depth of 
from fifteen to thirty feet, bat the rock is merely disintegrated, 
not decayed, hence residual clay is not common. Id Viiginb 
and the Carolinas the rocks are often decayed to a depth of one 
hundred feet. Of this region, Dr. Hunt says* that the rocks 
■■are often covered to a depth of a hundred feet or more, by the 
nndisturbed products of their own decomposition, the protoxide 
bases having been removed by solution from the feldspars, the 
hornblende and the whole rock, with the exception of the quartz- 
o»e layers, reduced to a clayey mass, still, however, showing in- 
clined planes of stratification. " 

Other writers have described the same region. Rnsselll men- 
tions a dolerite dike in the Triassic sandstone of North Carolina, 

•Cbftmlterlain and Salisbury. The Driftleas Area Sixth Ann. Kept 
U. S. Gw)l. Surrey, pp. 240-258. 

tRugsell. Subaerial Decay of Rocks, etc. Bull. No. 63, U. S. GeoL 
Survey, 1888. 

^Chemical and Geological EssajB, 1871- 73, pp. 18T, 250. 

gBulI. 53, U. S. Geol. SurTey, p. 12. 
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which, though originally bo har<] that it will ring under the ham- 
mer has been transformed to a yellowiah clay that can be moulded 
like putty. Fresh sections to a depth of forty feet show this de- 
cay to the bottom, but the euclusing wails of sandstone show no 
alteration. The resulting product is esseotlally a kaolin with 
about seventeen per cent, of ferric oxide.* 

Among the other instances of secular rock decay in the United 
States might be mentioned that of the Ozark mountains of Mis- 
souri, described by Prof. Pumpelly.t Here the secular dissolving 
away of the limestones, which carry from two to nine per cent, of 
silica and clay, has left residuary products varying in thickness 
from twenty to one hundred and twenty feet. 

The best development of secnlarly decayed soil is in the trop- 
ics. In Nicaragua such decay has often reached to a depth of 
two hundred feet, according to Thomas Belt, who says that this 
kind of decay is common in the tropics and is chiefly confined to 
regions of forest. % 

The remarkable decay of the rocks in Brazil, which, with the 
associated phenomena, led Louis Agassiz to ascribe its accumnla- 
tioa to glacial action has been described by various writers. Dar- 
' win states} that in the vicinity of Rio Janiero both the granitic 
(metam Orphic 7) rocks and talcose slates are decayed to a great 
depth. Every mineral excepttbe quartz is softened sometimes to 
a depth of one hundred feet, but the foliation of the rock remains. 
Appalled 'by the vastnessof the phenomenon, seemingly unlike any- 
thing at present in operation, he ascribed ito formation to action 
beneath the sea. Of the same region Hartt saysH that the gneiss 
hills are covered with a coat of red soil, structureless and unar- 
ranged, varying in depth from a few feet to one hundred feet. 
Sometimes there are included in the clay angular fragments of 
quariz and rounded masses of diorite, generally quite decomposed 
except at the very core. The gneiss beneath is decomposed to a 
depth of from a few feet to one hundred feet, the feldspars hav- 
ing been altered to kaolin, the mica having parted with its iron, 
but the planes of stratification still remaining. 

•Insoluble alumina Al, O. and Fe, O, increase, but Si 0„ Ca O, Na^ 
0, Fe O, etc., decrease by this decay. 
TAm. J. 8ci , 1879, xvii, 188-44. 
JNaturalidt in Nicaragua, 1888, p. 86. 
gOeological observationa, p. 427. 
iiOeology and Physical Geography of Brazil, 1870, pp. 23-S6. 
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In lodia there la a remarkable deposit of clay, called laterite, 
the origin of which the Indian geolt^sU have not yet definitelj' 
detennined.* It is a red, sometimes mottled, poroos, ai^ilUceous 
rock much impregnated with iron peroxide and sometimes resemb- 
ling jasper, but not so hard as a pnrely siliceous mineral. It is 
often traversed by tul>e8, sometimes vertical, sometimes horizon- 
tal, and sometimes irregular, which are filled with clay. The rock 
when first quarried is so soft that it can be cut out with n nick; 
bat it hardens greatly on exposure. There are two kinds of lat- 
erite, the "high level" and "low level," which in places seem to 
grade into one another, but which in their extremes are quite dis- 
tinct, for the former ie rarely stratified, while the latter is most 
commonly banded and bears evidence of marine origin. The low 
level laterite will be considered under the discussion of sediments 
derived from secular decay. 

The apper laterite often passes insensibly into the underlying 
rock, whether it is igneous, metamorphic or sedimentar}-, the 
transition form being called litfaomarge. Sometimes, however, 
the dividing tine l>etween lithomarze and bed rock is qnite marked. 
The laterite is quite indestructible and the region occupied by it 
is generally barren. Ita thickness rarii!s from fifty to two hundred 
feet. The high level laterite occurs as high as 4,700 feet above 
sea level and is found chiefly on the traps of the Deccan plateau, 
though it also occurs on the older rocks several hundred miles from 
any traps. It must formerly have been much more extensive and 
perhaps formed a continaous sheet, though now verj' much dis- 
sected by erosion. 

As to its origin, no definite conclusion is arrived at by the anth- 
orB, though the low level laterite is believed to have been derived 
from the upper laterite partly by the action of the wind, partly by 
stream action. One suggestion in regard to the origin of the high 
level laterite is that it has been derived from the decay of a ba- 
salt sheet formerly more extensive. Numerous obections are 
found to this theory, chiefly the difflculty of accounting for such 
a sheet in many places where laterite is found. Another sugges- 
tion is that it representa the decayed product of a vast sheet of 
volciinic nsh deposited during the formation of the Deccan traps. 
This theory the authors seem to think the most prol«ble one thus 
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far offered, thoagh it is confessedly offered merely in the effortto 
suggest something plausible and is quite without facts in its sup- 
port. 

Strangely enough, origin by secular disintegration is not dis- 
cussed, though it may have been considered and found inapplica- 
ble for reasons not set forth in the treatise. To offer an expla- 
nation of a phenomenon simply upon the basis of the description 
of the phenomenon by others is extremely hazardous, and it ia 
with mtich hesitatHAn that 1 make the suggestion that the latente 
may be the product of secular disinteigration. So far as the de- 
scription goes, it may well be of this nature. It is an indestruct- 
ible clay of nearly unifonn character sometimes grading down- 
ward insensibly into the rock below. As has been stated, resid- 
aal soils differ but little according to the nature of the source 
from which they have been derived, and the uniform character of 
the laterite may thus be accounted for ns well as its occurrence on 
both basalt and gneiss. The deBcrit>tion tallies remarkably well 
with that of the residual soils of the southern states aud Brazil. 
By removal into basius and valleys through subsequent denuda- 
Uon a stratified product might well result, and, when carried to sea 
and deposited, a rock like the low level laterite might be expected. 
This would account for the apparent gradation of the "low level" 
laterite into the "high level" form. 

Enough has been said of the occurrence of residual soils to show 
that they are extremely widespread. They occur wherever con- 
ditions have been favorable. Given a moist climate in a region 
of slight topographic diversity and the conditions for the accumu- 
lation of a residual soil are brought about; and, if time is allowed 
such a soil will accnmulate. In a mountainous region of diverse 
topography, little soil can accumulate, for it is washed off as rap- 
idly as formed. In such r^ions the decay of rocks and the con- 
sequent production ot sediments is probably more r^pid than in a 
region whose rocks are protected from frost and other aub-aerial 
agents by a blanket of residual soil. Also, in arid regions, resid- 
ual soils do not readily form, partly because of the general ab- 
sence of humidity and vegetation, and partly because the soils 
which do form are quickly removed, either by wind or water, on 
account of the absence of protective vegetation and the general 
aridity. 
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//. Formation of SedimenU. 

(a) Oeneral Statement. 

Products of rock disintegration and decay may aid in rock for- 
mation in either of six ways: 1st, tbey may remain in place and, 
Dnmoved, be bnried beneath sedimeota, — sncb may be tlie 
fate of any of the residnal soils at present exsting; 2d, tfaey 
maybe transported a short distance by "surface wash" or "creep," 
as in arid regions ; or, 3d, tbey may be removed by wind ; or, 4th, 
by ice; or, 5tb, by rivers; or, 6th, by the sea. These will be 
taken up for consideration in their order. The first needs no es- 
pecial mention, other than that already given it. One case where 
the products of disintegration have been bnried in place, chiefly 
under their own overlying, decayed material, removed but a short 
distance, will he described in the latter part of the essay, under 
the discussion of sediments derived by the action of the sea di- 
rect. 

(b) By Surface Wa*h. 

Peculiar conditions exist in arid regions. Thorough rock de- 
cay is rarely if ever found in such places, for the reason that the 
essential elements of water and vegetable acids are not present in 
any considerable quantities. A certain amount of disintegration 
takes place, but there is little vegetation to hold the soil in place, 
and its almost constant dryness makes it an easy prey to the 
wind, by which the finer particles are blown hither and thither. 

The peculiarity of rainfall brings about another condition — the 
phenomenon of surface wash or creep. The rare rains which fall, 
generally come in copious downfalls, and, ns they fall on a sur- 
face which is parched and dry, they are often very quickly ab- 
Borlaed by the soil. Such desert regions are, as a rule, not occu- 
pied by well established drainage ways. The rains which are 
sulficiently copious to run ofl! are rare, and the channels which 
they carve are often partially obliterated before another such rain, 
occurs. There are broad tracts on which the rain finds no well 
established water-ways by which to escape. As it soaks into the 
parched, barren, and generally sandy soil, it tends to flow down 
the grade, and, in so doing, to carry some of the soil along with 
it; but often before the force of the accumulating waters is suffi- 
cient to carve distinct channels, the rains have ceased. Floods 
from violent cloudbursts in such places frequently become a mov- 
ing moss of mud at their lower course. 
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The general effect of sucii conditions in arid regions of mod- 
erate slope is to produce great deposits of loose gravels extend- 
ing far out from the mountain bases. These are not properly 
lalus deposits, nor are they of tlie cone delta type, but are inter- 
mediate between the two and with some of the characters of each. 
They are found in the arid regions of the west about the base of 
mountains, buttes and mesas and often merge into cone delta 
deposits. I have seen walls of recent construction partly baried 
beneath this wash in the mesa region of eastern New Mexico. 

Blanford* describes remarkable deposits of this character in 
Persia. Great gravel slopes in that country extend from the base 
of the mountains far out into the desert, often five or ten miles 
from their source. The foot bills are often quite buried beneath 
these gravels which bear some resemblance to lalce deposits, but 
do not appear to be of this character. The angle of slope is from 
one degree to three degrees, there being sometimes a difference 
in elevation of from one to two thousand feet between the lower 
and upper ends. Much of the region is thus covered, and the 
thickness of the deposit is often several hundred feet. Near the 
source it is a coarse conglomerate, changing progressively down 
the slope to a gravel, and then to a sand, the latter covering the 
great desert flats and probably being in targe measure trans- 
ported thither by the wind. Blanford explains the gravel slope 
as a surface wash, the result of the conditions of aridity, and 
rare, concentrated rains, in the manner described above. 

Similar deposits occur in India, and it is not impossible that 
the great gravel slopes of Patagonia ascribed by Darwint to ma- 
rine action may be in part of the same origin. The same condi- 
tions are imitated in a small way, in moist regions, on ploughed 
fields on hill aides. Instances of the downcreeping of the soil 
in these places are very common, and often the total result of a 
few years of such creeping is quite appreciable. 

By a change in climatic conditions, and the development of 
river systems in these desert regions, much prepared load ready 
for transportation, will be found in these deposits; and the en- 
croachment of the sea upon the gravel slopes would admit of & 
rapid deposition of extensive deposits by the working over of 

♦Superficial Deposits Id the Valleys and Deserts of Central Persia, 
Quart. J. Geol. Soc., 1873, xxix, 4B3-603. 
tDarwin, Geological ObBervatlooB. 
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these. Some of the delta-like deposits of Tertiary age in the 
Himalaya mountains may be of tliis origin. 

Very similar to and grading into these deposits are the cone 
deltas or alluvial fans of arid regions. They result from the ina- 
bility of the streams to carry their load any farther. This is 
sometimes brought about by the absorption of the water by the 
floil, or by evaporation, when forms resembling gravel slopes are 
produced; but most conynonly the decrease in carrying capacity 
is the direct result of the decrease in river slope. For this rea- 
son such deposits exist most commonly at the foot of mountains, 
opposite the ravines, forming a cone shaped delta. These alluvial 
fans often unite with one another by means of talus deposits, or 
by the surface wash, or even by actually meeting in their growth.* 
In the discussion of a paper on secular disintegrationt by protes- 
aor Pumpelly, Mr. Gilbert calls attention to these deposits in the 
arid regions of the west, particularly of the Great Basin, which 
are derived by processes chiefly mechanical and involving little 
rock decay. They accumulate in the valleys and at the foot of 
mountains, in alluvial cones needing only cementation to become an 
extensive conglomerate. 

(c) By Wind. 

A.Tiy one familiar with the conditions in the arid regions knows 
of the great importance of the wind as a transporting agent. 
Scarcely a day passes during which more or less sand and dust is 
not blown about; and very frequently great duat storms occur, 
during which much sand is transported, often to a great distance. 
Prof. Vumpelly states! that in a simoon the driving dnst and sand 
hides the country under a mantle of impenetrable darkness and 
penetrates every fabric. It often destroys life by suiTocation, and 
in places leaves a deposit several feet deep. Snob wind blown 
material may find its way to the sea direct, or into streams and 
thence to the sea; but more commonly it remains on the land. 
The importance of this means of transportation is not fully 
known, for the snb]ect~has never been carefully investigated; but 
when it is so studied, it will undoubtedly be found to be a very im- 
portant source of material for the formation of rocks. 

*For a complete diacuBsion of theae depoeits I refer to the following 
SOQTceH: Drew, Quart. J. Geol. Soc., 1873, xsii, 441-471. Gilbert, Mon- 
ograph I, IT. S. Qeol. Survey, 1890. 

tBuU. Geol. Soc. Am. 1891, ii, 224. 

:tSeculaT Rock Disintegration. Am. J. Sci., 18T9, xvii, 188-144. 
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.Ad important contribution to this subject hae been made by 
Baron Richtofen,* who tries to explun loess in China by this 
process. The loess in that country and in other parts of the 
worid has long been a puzzle to geolo^sts, and various attempts 
have been made to account for its origin, though as yet no thor- 
oughly BBtiefactory general theory has been advanced. It is 
probable that loess is derived in a. variety of ways, and the solu- 
tion of the problem of its origin has perhaps been delaj-ed by 
the attempt to find a universally applicaUe hypothesis. 

In northern China the loess covers several hundred thousand 
square miles, often attaining a depth o( two thousand feet It 
is a calcareous loam, easily crushed to an almost impalpable pow- 
der, wholly unstratified and containing only I&nd fossils. These 
facta seem to prove quite conclusively that it is not of marine ori- 
gin, and the fact that it is found in the loftiest passes, as high as 
8,000 feet above sea level, seems to prove' that it is not lacustrine. 
It is found to contain innumerable vertical tubes which, it has 
been suggested, may be the casts of grass stems; so abundant 
are these that the rock cleaves vertically, and when, by the ero- 
sion of streams, through sapping or undermining, great blocks 
fall off, vertical cliffs remain. 

Ricbtofen believes that these vast deposits are wind blown in 
origin A "central area" is one in which evaporation exceeds 
precipitation. The in-blowing winds, aided by surface wash, 
transport the finely divided materials into such a region. The 
steppe vegetation characteristic of such a region would help to 
catch and hold the fine dust, and this grass, baried beneath the 
eeolian deposits might leave by their casts such tubes as are 
found in the loess. Briefly this is Richtofen's theory for the 
origin of loess in China. Professor Pnmpelly accepts this theory 
and extends it to explain the loess of Missouri, t In order 
to account for the great amount of material, which seems in 
exi«3s of rock disintegration, he supposes that rivers charged 
with products of glacial attrition carried to the region material 
for the winds to'transport. 

Professor Pumpelly calls attention to the fact that, while there 
is much secularly disintegrated material in southern Asia, the 
feldspathic rocks of northern China and central Asia are as free 

*Chlna. 1877, i, 66-189. 

tSecular Rock Disintegration, Am. J. Ucl., 1879, .'£vii, 133-144. 
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from it aa are the rocks of New England, which have l>eeD swept 
clear of all such material by the recent ice advances. More- 
over the bare granite rock contains depressions seemingly due to 
erosion, without outlet, and varying in size from a few yards to 
several thousand feet," and apparently the result of differences 
in rock texture. Such depressions would be expected to exist at 
the base of an area of secularly decayed material. From these 
facts the author ai^ues that we may have here a source for the 
assumed seolian deposits of the loess. If it is assumed that 
China was exposed to the conditions which southern Asia has 
undei^one, the country must at one time have been covered by 
a well marked residual soil. None now remains and it must have 
been swept away by some agent. Not by the sea, for there is uo 
evidence of a marine incursion, nor by ice action, for evidences 
■of the existence of glaciers are entirely wanting. The agency of 
the wind alone appears to remain to account for this change. A 
■change in climatic conditions from moist to dry would set to 
ivoric this powerful agent of transportation. 

By such a transformation a series of deposits are rendered pos- 
sible. The finest material driven great distances by the wind 
would Anally settle and remain and accumulate under the protec- 
tion of the steppe grasses in the region intermediiite between the 
arid interior and the moist coast climates, forming a deposit not 
unlike loess; the coarser sands would form the drifting desert 
sands; and the still coarser parts would remain behind and form 
the characteristic coarse stony steppes. The conditions in China 
seem to suggest the plausibility of this explanation. 

Pumpelly offers a similar explanation for the loess of the trans- 
JUississippi regions. During early times the region of the Rocky 
mountains must have been the seat of secular disintegration, though 
now none of its protlucts remain in place. The present aridity and 
prevailing west winds may account for its removal and for the 
presence of loess as far east as Kansas. The loess deposits of the 
Rhine and of the Central states may have been .accumulated by 
ieolian action, but in these cases the supply' may more likely have 
been glacial flour which itself may have been derived by the gla- 
cier from secularly decayed soils. 
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Chamberlain and Salisbury, speaking of the loess of Wisconsin* 
describe it as neither a sand nor a clay, but intermediate between 
the two, being generally coarser than residuary' earths. The par- 
ticles are, however, angular and irregular as in the case of resid- 
uary earths. Its depth in that region is from ten to fifteen feet 
over a wide area. 

These considerations are in the main theoretical, but the theory 
has much to commend it, since it accounts, apparently in a satis- 
factory manner, for a most puzzling series of deposits. 

(rf) liy Ice. 

The movement of a sheet of ice over a region which had been 
subjected to secular disintegration would result in the removal of 
the loose, decayed rock, which would furnish to the ice great 
quantities of sediment. During the melting of the ice, and at all 
times at its front the streams would be furnished with great bur- 
dens of sediment, which, either deposited in the valleys or car- 
ried to the sea, would aid greatly in rocli formation. The final 
disappearance of the ice would leave the surface of the country 
littered with unstratifled drift. 

Something of the same condition would result from the passage 
of an ice sheet over an undecayed rock, but the materials supplie<l 
would he less in amount. Ice cannot cut without tools. Leaving 
out of consideration valley glaciers, t there are Imt two ways with 
which ice can te supplied with cutting tools, one by the loose ma- 
terial which it can pick up. the other by actually rending rocks 
asunder. The former supply ceases when the zone of disintegra- 
tion is passed and the latter soon follows. The erosive action of 
ice is to round, smooth and polish the surface over which it passes 
and thus to lessen the possibility of obtaining a supply of cutting 
tools. As the period of ice occupancy of a land continues, its 
power of erosion must diminish and finally become almost noth- 
ing. It will slide over rounded surfaces practically without any 
destructive effect and the streams will issue from its front with a 
very slight load of sediment. 

The great mass of detritus left by the ice of the glacial period 

*I>riftleBB area of WlHConsin. BUlh Annual Rept. U. S. Geol. Su^^■ey, 
218-807. 

tin valley glaciers and in cODtlnental slaclere wbere mountain peaks 
project above the ice, detritus iB fumlBhed as a talus from the cliffs. 
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has been a source of perplfflritp to maay geologiste and early led 
to a greatly ext^gerated notioo as to the amount of rock actually 
removed. Subsequent atadiea have shown that the pre-glacial to- 
pography remains, with remufatble distinctness where not buried 
beneath glacial accumutntiooB, snd, consequently, that but little 
bed rock has been removed. Moreover, the case of the Hoosac 
mountains, described above, shows that in this place at least the 
original pre-glscially decomposed rock has not been all removed. 
If DOW it be assumed that iu [ne-glacial (or inter-glacial) times a 
considerable accumulation of secularly decayed rock existed upon 
the surface, the present accumulations may be accounted for 
without supposing a great deal of planing down of the rooks 
themselves. By this view the ice has acted more as a transporter 
of detritus already prepared than as a producer of such detritus. 

Moreover, this view of the glacial conditions also famlBhes an 
explanation (in part at least) of that much discussed question of 
the origin of rock basins in gtadated regions. It yet remains to 
be proved that ice can, on a large scale, gouge out depressions. 
That under peculiar circnmstanoes this is done is unquestioned, 
but that all or even a large per cent, of rock basins ore the re- 
sult of this action is not yet satisfactorily demonstrated. In a 
region of secular disintegration the rock surface would necessarily 
be irregular and one containing numerous basins where rock of 
an easily disintegrated nature exists. 

Pumpelly* suggests this pvoint and accounts for similar basins 
in China by the action of wind in removing secularly decayed ma- 
terials. Chalmers,! speaking of the rock basins of New Bruns- 
wick, says: "These lake basins have evidently* been formed by 
the sub-ffirial decay of the rocks in situ in Pre -Quaternary times, 
the softer limestones, graphitic schiste and ferruginous rocks 
having been more deeply acted npon than the gneisses and fel- 
Bttes." How far this idea can be extended by actual demonstra- 
tion is not at all certain for it ttas not been given the careful at- 
tention which it deserves. Seeolar decay undoubtedly produces 
just such forms, for it has regurd chiefly for the chemical dura- 
bility of the rock. 

In their description of the driftless areat Chamberlain and Sal- 

*Am. J. 8cl., 1879, xvii, 188-144. 

tRept. Prog. Canada Geo). Survey, I88S, i, 17 00. 

jsixth Ann. Itept. U. S. QeoL Barrej-, 249. 
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iabnry make the point that the glacial deposits o( Wisconsin are 
not derived from a secularlj- decayed soil. They state that resid- 
uarj' products are almost completely robbed of alkalies, contain- 
ing cbiefly qoartz, nndecomposablc silicates and ferric oxide. 
Drift clays, on the other hand, are calcareous, and in some of 
these clays there is forty per cent, of magnesion limestone. "The 
drift clays are, in short, rock Sour, and not, as are the residuary 
earths, the products of rock rot." 

. I think that thb argumeut is not valid, for the reason that but 
a small part of secularly decayed rock consists of residual soil. 
Beneath the surface it becomes more and more like the rock from 
which it has been derived and finally passes insensibly into it. 
This last must have been the material with which the ice was work- 
ing in its last stages. Moreover, in places, perhaps over the 
greater part, the ice was then at work on the undecayed rock, 
aud the churning up of this with the products of disintegration and 
secniar decay might readily introduce a large element of calcare- 
ous matter. 

(-■) lis ^'^■«'-»- 

Residual soils can accumulate only where decay is in excess of 
denudation. Regions of considerable topographic diversity are 
generally free from accumulated soils and these soils are most lia- 
ble to form where the streams are not mpidly eroding. As an 
instance of this reference may be made to Mr. KuBsell's paper* in 
which it is stated that where erosion is rapid, in the south- 
em Piedmont region, owing to the more rapid solution of certain 
limestones, and the consequent standing out of other rocks, no 
residual soil remains. The presence of vegetation aids greatly in 
the retention of such soils, and this protective effect often allows 
the streams to run clear even when their flow is qnite rapid. 

If, on the other hand, a region be elevated and new life be thus 
given to the streams, there is such rapid erosion that there is a tend- 
ency to strip oft the accumulated soils. Such a revival or reju- 
vination of the streams seems to have taken place in China. The 
streams are yellow with silt derived from the loess, and the waters of 
the Chinese sea near the great rivers are yellow from this cause one 
hundred miles from the coast and for six hundred miles along the 
coast line. The muddiness of some of the rivers of the Mississippi 
system and of the Amazon are in large part due to the same cause. 

♦BwlL No. 58, U. 8. Geol. Surver, 188a. 
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Whatever the origin of the upper laterite of India (see above), 
the lower laterite has undoubtedly been derived from it in large 
measure by stream action. The most reasonable explanation of 
the change of conditions from a residual soil producing region (if 
this explanation be accepted for the upper laterite) to a region of 
denudation is that of elevation and consequently the giving of 
new powers to the streams. The lower laterite occurs generally 
near the shore and apparently exteudsont to sea beyond the pres- 
ent shore line. Its thickness is seldom greater than fifty feet, it 
is always sandy and sometimes contains rounded pebbles. Human 
implements found with the deposit prove it to be of recent origin. 
Medlicoit and Blanford* believe it to have l>eeu sukiaenally de. 
rived from the upper laterite. In part, if not entirely, it has been 
formed beneath the sea having been transported thither by river 
action, and having l>ecn raised to its present position by a recent 
elevation. 

The importance of these suggestions in the explanation of cer- 
tain geological phenomena of the past may l>every great. In the 
Carboniferous, for instance, numerous recurrent elevations and 
depressions are recorded and with them great quantities of sedi- 
ment were derived and deposited. In many regions great beds of 
clay were laid down, often having such a character as to admit of 
the explanation of residual origin. The remarkable development 
of blue, yellow, red and mottled clays in the Central Texas 
Carbon if eroust may possibly be explaine<l in this way. These 
deposits are often quite tiarren of fossils, indicating a very 
muddy sea. 

The CarlKiniferous time was one well adapted to the accumula- 
tion of a residual soil, t>eing apparently one of considerable moist- 
ure, much vegetation, general warmth, and of low lying lands. 
The elevations and depressions so well recorded must have furn- 
ished the means of removal of any such soils, either by the 
actual encroachment of the sea, or by the erosion of the land 
by subaerial agents, or by both. kSuch an explanation makes it 
easier to understand the extensive accumulations of clays in these 
deposits. Similar deposits in other ages may have had a similar 
origin. On this subject Pumpelly writest "the verj- fine marine 

•Geology of India, Vol. i. 

■fTarr. First Ann. Bept. Texas Geol. Survey, 309-212. 

JAm. J. Scl., 1879, svu, 133-144. 
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sediments are probably for the greater part the rapidly removed 
products of long-continued, protected diaintegration and decom- 
position. " 

Changes io the amount of river load from the limpid stream of 
a low lying country, to the turbid stream flowing with rapid cur- 
rent over a recently elevated region covered with a residual soil, 
aside from the rapid accumulation of much fine sediment, must 
have an important effect upon the life of the region, which may 
be almost entirely exterminated by the incursion of the mud bear- 
ing waters. A coral fringed coast would lose its character with 
such an incursion and an entire change of fauna result. How 
many times this has happened in the past it is entirely impossi- 
ble to tell at present, but a aearch among the geological records 
may very likely show many such changes which can be traced to 
this cause. 

(/) By the Se'i. 

The depression beneath the sea of a country bearing a residual 
soil would produce similar though more widespread results. The 
fine seiliments swept out to sea and the coarser remnants de- 
posited nearer the point of origin would rapidly produce exten- 
sive deposits, at the same time undoubtedly changing the charac- 
ter of the fauna. 

One recorded instance of this method of origin of sediments 
is all that has been found in the geological literature examined. 
It is so interesting that it is given here in some detail. For the 
complete account I refer to professor Pumpelly's paper.* 

In the Hoosac mountains in western Massachusetts there is a 
central core of true granitoid gneiss characterized by a blue 
quartz. Above this and separating it from the overlying schists 
is a band of rock, which, though strati graphically continnous. is 
widely different in its various parts. It wraps around the granit- 
oid core or island, and on the east is a quartzite, on the north a 
conglomerate, while on the west it is a white gneiss. By transi- 
tional beds these pass downward into the granitoid gneiss by 
direct stiatigraphical conformity. The conglomerate ooutains. 
besides blue quartz pebbles, many pebbles of feldspar with an un- 
altered nucleus bordered by a kaolinizcd feldspar, which, since 
its production, has been altered to a secondary feldspar by meta- 
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moi^hiBm. The feldspar cannot h&ve been carried very far, otlier- 
wise it would have been deetroyed. 

There is evidence that the pre-Cambrian sarface. was an eroded 
land surface. The chief evidence of this is found in the Stam- 
ford dike of Clarksbui^ mountain, near Williamstown, which was, 
in pre-Cambrian times, eroded out below the general level of the 
surface. Into this the over-lyiug Cambrian sags, and it contfdns 
fr^^enta of weathered dike rock. 

Professor Pumpelly suggests that when the Cambriaa sea en- 
croached on the land the country was covered by a deep secularly 
decayed covering. The residual soil and all the finer materials 
were quickly removed to a distance; but the deeper zone of semi- 
koolinized material was only partly worked over and was deposited 
near at hand. Below this was the semi-disintegrated zone now 
represented hy the transition beds of highly foliated granitoid 
gneiss. This, by its weakened condition, during the subsequent 
extensive foldiug, behaved like the worked over materia! above, 
and is therefore laminated. Hence the transition and apparent 
conformity between the schist and granitoid gneiss. It will be 
seen that this is a highly plausible theory which explaios, so far 
as is at present known, all the peculiarities of this most puzsling 
region; and it seems to be the only theory which will explain the 
facts found in the field. 

These facts lead professor Pumpelly to suggest that most of 
the basal beds of sandstone, conglomerate and quartzite, marking 
the beginnings of geological periods, arc produced in this way. 
Similar beds occur on the eastern edge of the Adirondacks where 
the feldspar pebbles, as in the case of the Hoosac mountains, 
have not been divested of their semi -disintegrated shell. 

Pre-Potsdam secular decay has been described by Newton from 
the Black Hills, by Peale in the pre-Cambrlan granite of the South 
Platte region in Colorado, and by others from various parts of 
the west. Pumpelly* has suggested a pre-8i!urian disintegration 
of Pilot Knob, Missouri, and later explorations by mining have 
verified this suggestion by finding a deep zone of disintegration 
on the Silurian. In all these cases the transgression of the sea 
has in part worked over the materials of disintegration and buried 
the loner parts in large measure, beneath the sediment thus de- 

*Geol. Survey Hlasouri, 1878, i, 13. 
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rived. Plainly, a rapid encroaclimeiit of the sea on the land is 
necessary to admit of auch a partial working over. The ordinar}' 
movemente of the land are bo slow that all auch loose material 
would be removed. Cases where the secalarlj' decayed soil is 
found buried in place, or only slightly removed from its place of 
origin mast, therefore, be relatively rare. The evidence of the ei- 
iatence of this kind of material during the periods of the past 
must, for the most part, be looked for in sediments removed some 
distance from their source. The mechanical and chemical con- 
stitution of auch sediments ought to serve as a key to indicate 
their origin. 

(j) HaiKmary. 

From what has been written it will tie seen that secular disinte- 
gration may be an important source for the ori^n of sediments 
which may be derived from it in various ways. It may be trans- 
ported to its resting place iu the process of rock building, by the 
wind, by ice, by runaiug water or by the sen. A country chang- 
ing in climate from moist tu dry is subject to lerial action of 
considerable uniformity and inteneitj', and an accumulated resid- 
ual soil maythua beaweptaway;the change fi-om temperate toeold, 
the coming on of an ice period, brings al>out other conditions by 
which accumnlated soils are removed. China seems to offer an 
instance of the former, New Kngland of the latter. 

Changes in land elevation may admit of the accumulation of 
a residual aoi! or the removal of one already accumulated. A 
countrj- long standing at a certain elevation is favorably situated 
for soil accumulation. The elevation of such a land gives to the 
streams new powers, and by this means the residual soils and dis- 
integrated materials may be removed. The same country de- 
pressed brings the soil within reach of the waves. 

Accompanying these changes there must be much destruction of 
life. The clear-water dwelling fauna of the shore, driven out by 
theappearanceof inud-ladeu watrrs.is replaced by aditferent fauna. ' 
So there may have been alternations of faunas from this reason, as 
well as alternations of sedimentation, flrsl rapid, then slow depo- 

The importance of secular disintegration along the lines above 
suggested is not fully understood and seems to have been gener- 
ally overlooked by geologists, t^ecnlarly decayed soils exist at 
present and they must have existed in the past; lauds have Ijeen 
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raised and depressed and climates have changed; and such being 
the case it seems reasonably certain that sediments derived from 
secularly decayed soils must be abundant in the formations of the 
different i^es. All the Qonditions for such accumulations have 
been present, and if the line of reasoning adopted in this essay is 
not fallaceous they must exist. The work of discovering evidence 
of them in the field yet remains to be done except in a very few 
cases. 



NOTES ON SOME PSEUDOMORPHS FROM THE 
TACONIC REGION. 

By W». H, HoBBS, Madlwin, Wis, 
iPubll-hed with tbe pennlnflon of Uie Director of the V. S. Geologlal Survey.) 

The pseudomorphs here considered occur in northeastern Con- 
necticut near the Massachusetts state line, within an area of 
crystalline rocks which are now being studied by members of the 
U. S. Geolt^cal Survey. 

Ti-emolit'- Pgeu<lomorplii after Salite. 

The crystalline dolomitic limestone of the vicinity of Canaan, 
Ct., has long be3n known to collectors as a locality for white 
pyroxene and tremolite. Well terminated crj'stals of tbe former 
are figured in Shepard's Mineralogy-* 

In a recent paper Prof. G. H. Williams has described hemi- 
hcdral pyroxene crystals from Canaan and mentioned an incipient 
uralitization of the mineral, t 

I have found pyroxene erjstals to lie abundant in the dolomitic 
limestone at numerous localities extending from Canaan north- 
ward through the valley of the Konkapot river (Mill river), at 
Konkapot, Mill river, Hartsville, and Monterey. They are known 
to the quarrymen under the name, '-Jason's Teeth." 

Their distribution seems to be confined to the region east of 
tbe Housatonic river. They are usually from one-half of an inch 
to an inch in length and stoutly columnar, but they also attain di- 
mensions of several inches. Sometimes they are found in lai^ 

•Vol. II, p. 133, 183S, flgureB 853 and 354. 

tAm. Journ. Science, xxxviii, p. 115 and Fig. 8, August, 1899. 



ly Google 



I*lieudow(n-phs frmn the Taecntic Region. — IIMa. 45 

massee forming ridges which have been described as ca- 
iman ite.* 

Tremolite from Canaan ia mentioned in Cleavelands Mineralogy 
and is common in mineral collections. The best crj'staU come 
from the Maltby quarry about three-fourths of a mile north of Falls 
Village, where they are semi -translucent, attaining to a breadth of 
a quarter of an inch or more. They are usually white but some- 
times light green in color. There is also a fine radial variety from 
this locality having a silky lustre. 

While makiug a reconnaissance of Canaau mountain in the 
summer of 1889, I came upon huge glacial boulders of impure 
limestone on the north fiank of the mountain some distance above 
the exposures of limestone, and resting on a layer of till. The 
locality is on the coaling road about one mile south of and 330 
feet vertically above the first road comer east of the junction of 
the Blackberrj' and Whiting rivers. These boulders were filled 
with nodules of coarse tremolite. Most of the nodules could be 
seen to have the form of pyroxene erjetale, and several were dug 
out on which all the planes of the prismatic zone were well de- 
veloped with the orthopinacoidal habit. In some cases the crj-s- 
tals show terminations by a pyramid which gives an angle of 
about 110° to the front, probal^lj- — 2?. They attain to a length 
of two to three inches and a breadth of nearly two inches. Verj- 
little of the pyroxene material remains owing to a paramorphic 
change to tremolite. t The tremolite needles situated near the 
surface of the crystal usually lie with their axes in the bounding 
planes or nearly so, and there is also a tendency on prismatic 
planes to parallel orientation with the pyroxene. The arrange- 
ment of the tremolite is usually quite irregular within the crj'stal. 

A portion of one of these pseudomorphs has been analyzed by 
Dr. W. F. Hillehrand in the laboratorj' of the U. S. Geological 
Sur\-ey with the results given below under I. 

"This was first thought by Hitchcock to be scapollte (Qeol. Rep. Hass 
Sd ed., 1&86, p. 81G), afterwardB nephrlto or Musaarlte (Kep. Qeol. Haes. 
1841, p. 6691 On the basis of a faulty analjals by S. L. Daaa, it was 
thought to be a new mineral and named Canaanite (Alger's Phillip's 
Mineralogy, 1844, p. 69). Shepard at Qrst thought It nephrite or hsub- 
Burlte (Geol. Hub., 1841, d. S69), but afterwards lecogniiied It as pyrox- 
ene (Rep. Qeol. Survey, Conn.. 18S7, p. 134). In Dana's HyBtem of Mln- 
«rato{Fy (6th ed., 1868, p. 808) an analyBls by Burton Ib printed showing 
the mlnaral to be pyroxene. 

t(These speclmeDS are No. 8186 of the U. S. Geological Survey collec- 
tion from the vicinity.) 



iyGoo<^lc 



The American Geologist. 



li.A, 


.09 


Pe.O, 




'.18 


CaO 


16.05 


StO 




MgO 


22.45 


m5o 


trace 


K,0 


.18 


n1,o 


.20 


H.OatlOO' 


.03 


H.O above 100° 


2.57 



51.80 

1.60 
25.ai 

16.47 



100.46 99.09 09.90 100.00 IOJ.88 100.00 
Tremolite paeutlomorpha after salite, Canaan, Ct., Hille- 



brand. 

II. The B&me recftlculated with water removed and CO, re- 
moved as CaCOj. 

III. White tremolit« from Fahlun, Sweden (Dana's Sj'stem of 
Mineral(^y, 5th ed.. 1868, p. 236). 

IV. Salite from Cacaan, Ct, M. D. Munn (Ibid, 6th ed., 
1892, p. 356). 

y. Canaanite, Canaan, Ct., B. S. Barton, (Ibid, 5th ed., p. 
803). 

VI. The same with 00, removed at CaCO,. 

These analyses show tliat the alteration of the salite of Canaan 
to tremolite is not trne paramorphiam, the change involving a 
loss of lime and a gain of magnesia. The speciflc gravity of the 
tremolite pseudomorphs is li,9, that of ealite analyzed by Mr. 
Munn was 3.33. 

It is quite possihie that a portion of the tremolite contained in 
the dolomite at other localities near Canaan is derived in this 
way, but the manner of occurrence of much of the tremolite goes 
to show that it is formed directly from the recr^'stallization of 
the dolomite and its admixed quartz. 

IheHiUnior^Uf iifter FMipar from Norfolk Toicaship, Ct. 

In the summer of 1889, I visited the Norfolk granite quarry, 

which is opened in Cambrian gneiss. Thera were noticed near 

the quarries blocks of mnch the same material, in which were 

well rounded nodules up to an inch and more in diameter. They 
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appeared to be composed mainly of a colorless mica and feldspar 
mottled by grains of quartz. The mica is in scales lying along 
the cleavage places of the feldspar. Sometimes no feldspar 
coutd be made out with certainty, but the direction of the mica 
scales indicated clearly two cleavages nearly perpendicular, corre- 
sponding with those of feldspar, and in many cases the nodule 
was seen to be made up of two individuals simply twinned ac- 
cording to the Carlsbad or albite law, dividing the nodule in 
halves. These twins are oftentimes very perfect, and closely 
resemble the simply twinned albite grains of Greylock mounts 



ain, except that they are lai^er and mainly composed of mica 
and quartz. 

Seen under the microscope in thin section, the nodules show as 
a background a network of colorless mica, possessing practically 
one orientation throughout the nodnle (unless it is twinned), and 
inclosing quite uniformly distributed irregular areas of quartz. 
Penetrating the quartz and to some extent also the mica are 
numerous minute needles of fibrolite (See figure). No feldspar 
has been observed in section, yet many of the nodules doubtless 
contain some residue of feldspar. On separating the rock pow- 
der in the Thoulet solution a large part of the mica was removed 
when the solution had a specific gravity of 2.8. Owing, how- 
ever, to the difficulty of making a perfect separation of the 
different constitaents into homogeneous grains, the material con- 
tinued to fall in the solution until the, specific gravity was some- 
what below that of quartz. As the specific gravity of the quartz 
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would be raised by the muacovite and sillimaDite attached to it, 
ttio presence of a feldspar lighter than quartz is ahowo. 

A portion of one of these paeudomorphs haa been analyzed 
quantitatively by I>r. W. F. Hillebrand in the laboratorj- of the 
V. S, Geological Survey, j'tetding the following proportions: 

SIO, 76.83 

AJ.O, 16.87 

Fe.O, .58 

FeO .80 

C'ftU .36 

K.O 4.55 

N«,0 .24 

H,0 at 100' .20 

H,0 above 100 2.01 

100.84 
With traces o( TiO„ 8rO, Li.O and P.O.. 

In conversation with Prof. B. K, Emerson in 1891, he ex- 
pressed his opinion that the nodules were pebbles. I have since 
been convinced of this from examination of them.* 

The greater part of the quartz I look upon as original in the 
rock from which the feldspars were derived, and as essentially 
pegmatitic. The manner of occurrence of the quartz in areas 
quite regularly distributed in the mica, and the high acidity of 
the nodules seem to indicate this. The mica and fibroltte are 
regarded as due to a secondary alteration of a potash feldspar by 
<lynamo-metamorphic agencies accompanied by a separation of 
quartz. The alteration of alkali feldspar into microscopic mas- 
-covitc and quartz is very common. 

During the summer of 1891, I visited the region northwest 
of the Norfolk quarrj' in company with Prof. Emerson. We 
succeeded in finding similar nodules in place in the Cam- 
brian gneiss of Tobey hill (about two miles northwest of the 
■quarrj'), from which outcrops the blocks have probably been 
derived. 

Cnuer»ity of Wisronihi, MadUon, May 6, 1892. 

*Ht. J. B. WolS hu shown that the rounded porphjrltic feldspars, 
which are characteristic of the"metaRiorphicconKlom«rate" and^alblte 
schist" of Hoosac mountain and other localities In oorlherD Berkshire, 
are of decrttal orlj^n. (UelamorphlBm of Clastic Feldspar in Con- 
plnmerate Schist. Bull. Mus. Comp. Zool., Harv. Coll., xvi. No. 10. pp. 
178-183.) Bee also Pumpelly, TUe Relation o( Secular Roc k- Dial ntegra- 
tlon to certain TransitlODal Crystalline Schists. Bull. Oeol. Boc. Am., 
n, pp. 209-224. 
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ON SOMB BASIC ERUPTIVE ROCKS IN THE VICIN- 
ITY OF LEWISTON AND AUBURN, ANDROS- 
COGGIN CO., MAINE. 
Plate II. 

By Okobse p. Uibbill, Wuhlnglon, D. C, with mnilyMS t^ R. L. Packabd, 

The prevailing naderlying rock in Androscoggin, as in ad- 
jacent portions of Cumberland, Oxford, Kennebec and Sagadahoc 
conntica, is a coarse and variable micaceous or bomblendic gneiaa 
often including considerable thicknesaes of crystalline limestone, 
which is colored on Hitchcock's map of the state as of Montalban 
age. Through this gneiss there has every where been injected a 
coarse highly feldspathic granite which forms the main mass of 
the more prominent hills or mountains of the vicinity. The so- 
called "David's Mountain" near Bates College in Lewiston is a 
good example of this granite. Contact between the molten granite 
and the more calcareous portions of the gneiss has given rise to 
variona secondary minerals, including the vesuvianite aud cinna- 
mon garnets which are fonnd at various points within the coun- 
ties mentioned. Into numerous small fissures in granite and 
gneiss alike have subsequently been intruded basic eruptives, some 
of which are of interest in the preaent sti^ of petrographical 
knowledge and none of which have as yet received the attention 
they deserve. 

These dikes are all small, and neither their direction nor inclina- 
tion with the horizon is at all constant. Some of them are nearly 
vertical and run in a nearly east and west direction. Others are 
inclined at a very considerable angle. The original fractures 
through which the molt«a msgma was protruded seem to have 
been verj- irregular, owing to the varying character of the rock 
masses traversed, and the material itself was too limited in amount 
to make its influence felt. 

The dikes with which this paper has principally to deal are 
situated to the southward and almost within the city limits of 
Lewiston and Auburn and therefore on both sides of the Andros- 
coggin river. The best exposures are on the Lewiston side in a 
quarry of limestone on the lower branch of the Maine Central 
railroad some 300 yards south of the Androscoggin mill. 
(Locality (1) on sketch map.)* There is here a considerable bluff 
of limestone facing the river, a part of which has been quarried 



,y Google 



60 The American Geologist, joij.iae* 

away for foundation material so that the dikes in the face of the 
quarry are easily accessible, but are visible nowhere else in the 
immediate vicinity, being covered by drift sands and clays. 

These dikes, of which there are nine exposed within a distance 
of 250 to 300 yards vary from fifteen inches to five feet in diam- 
eter, and have apparently a nearly east and west trend, though as 
they are here almost vertical and exposed only in the face of the 
quarry, this could not be told with certainty at the time of my 
visit. The rocks of the dikes are, as a rule, very fine grained, 
compact and nearly black in color, containing only olivines, an 
occasional augite, or rarely a feldspar in macroscopic forms. The 
olivines are in some of the dikes peculiarly large and abundant, 
comprising at times fully one- fourth the entire mass of the rock. 
In several instances on a surface five cm. square not less than 
fifty olivines could be counted, varying in size from a pin's head 
to five and even ten and fifteen mm. in diameter, all fresh and 
gla3sy,or with but a narrow well defined greenish white border of 
serpentine. Such large and fresh olivines are verj' rare except- 
ing in rocks of Tertiary or Post Tertiary age. The dikes are 
often beautifully banded parallel to their sides, the t>ands varying 
from two to five mm. in width and of light purplish gray and 
nearly black colors alternating. This feature is especially notice- 
able in the smaller and more compact dikes. On weathering the 
rock assumes a schistose structure cleaviug parallel with the 
bandings, i. e. with the walla of the dikes, into scales of all thick- 
nesses up to several inches, and often some feet in diameter. 

Submitted to microscopic examination the rocks from the vari- 
ous dikes present close textural and mineralogical resemblances, 
which may be generalized as follows: — A gronndmass of stout 
acicnlar idiomorphic brown basaltic hornblendes, augites with a 
faint violet brown or purple tinge, elongated plagioclases and the 
nsual scattering of iron ores, carrying abundant phenocrysts of 
olivine, more rarely of augite and still more rarely of plagioclase. 
A glassy base, though not identified beyond a reasonable doubt, 
is strongly suggested by almost amorphous interstitial areas filled 
with chloritic needles and ferruginous decomposition products. 
The olivines in some of the dikes are highly altered, but show 
beautifully perfect crystal outlines. In others, as above noted, 
they are almost as fresh and glassy as on the day of their erup- 
tion. The brown hornblendes occur throughout only in the 
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gronDdniasB and in crystaU of but one gen«rtitioD, the aagites in 
two generations, the feldspars rarely in two, and the olivines in 
but one. The intratellural origin of these last is manifested by 
their presence in large numbers in blebs of considerable size in 
small ofTshoots from the main dikes, which are sometimes of not 
more than an inch in width and otherwise completely aphanitic. 
The oliTines are not, however, equally conspicuous in all the dikes. 
In the first two met with going southward from the mill (the firHt 
about thirty and the second fifteen inches wide) olivine is scarcely 
evident to the unaided eye. In the third it is in certain parte of 
the dike very abundant; in the fourth scarcely evident again, and 
in the fifth and sixth extremely abundant and in lai^e blebs, as 
mentioned above. That, however, the rocks are essentially the 
same and must be portions of the same magma, is evident from 
their similarity in mineral, as well as chemical composition. 

There are certain differences in the slides from different dikes 
that are worthy of note. The larger dikes, as would be expected, 
show as a rule a more granular structure, though this is not a 
universal rule. In the second dike below the mill (28525)* the 
idiomorphic nature of the hornblendes and augites of the ground- 
mass is less distinctly marked than in the first. A sample from 
this dike yielded Prof. Packard 40.26% SiO,. The third dike 
(26526) is a typical camptonite, and excepting the numerous large 
olivines, is indistinguishable in the section from the original dia- 
base of dike No. I, at Campton, New Hampshire, as described by 
Hawes.f The fourth dike, three feet wide, (28527) is quite simi- 
lar, but the slides show in places a structure bordering upon 
ophitic. The fifth, 2 feet wide (28528), shows also a tendency 
toward an ophitic structure and there is a much less distinct sep- 
aration of the minerals into individuals of two generations. The 
olivine is here the only mineral porphj-ritically developed. The 
sixth dike, 2^ feet wide (28529 and 39194), is the most striking 
of all, and the one to which owing to its richness In olivines my 
attention was first attracted. % 

In the hand specimen this is a dense dark gray aphanitic rock 

*Ttie numbera given are those of the specimen as entered in the 
Huieum catalogue. 

tAm. Jour. Bci., 8d, xvii, 1879, p. 147. 

tThSa Ifl the rock rererred to by Prof. Kemp in hla paper "On the 
Dikes Near Kennebunkport, Maine." Ax. Obolooist, March, 1890, p. 
138. 
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with abnndant lai^ (4 to 8 mm. ) phenociysls of sngtte. olirine 
and plagioclaae, the olivines being most abonduit. Like tlie tnie 
camptonites it shows ooder the nicroecope a dense gronndmass 
of mioQte brown borobleiMiefl, aogites, pU^oclase and iron ores, 
all in idiomorpbic fonns, throngboat which are scattered the 
phenocry sts of olivine, aagile, and ptagioclase above noted. 

A searefa for similar dikes elsewhere in the vicinity resulted as 
follows: — 

At the Cedar street crossing of the lower branch of the M. C. 
R. R. — a few squares above the mill and to the northward — 
(locality (2) on sketch map) a dike b feet in width was found, 
consisting of a compact dull dark gray rock with an abundant 
sprinkling of small olivines. Under the microscope the mineral 
natare of the rock (28523) was found to be quite similar to the 
others mentioned, excepting ttkat an^tes i»evatled in excess of 
hornblendes in the groucdmass. The stnictore was also quite 
variable in different sections, in some casea being decidedly por- 
phjTitic, as in the camptonites, or t^ain ophitic as in normal dia- 
base. An abnndaoce of secondary calcite here, as in the other 
dikes, obscures everything. There is no doubt but that this be- 
longs to the same series of dikes. Still further northward, just 
below the Maine Central railroad bridge over the Androsc<^;gitt 
river, and running nearly parallel with the bri^e is a dike some 
five feet in width of a dense dark greenish rock (28534) which 
under the microscope shows the ophitic structure of ordinary dia- 
base, and which yielded Prof. Packard i^.1h% Si O,. This dike 
is covered by overlying rocks and soils on either shore and may 
be seen to advantage only in the river bed and at low wator. 
(Locality (3) on map). This is preaumably the dike mentioned by 
Jackson* as having a direction of N. 80 W., S. 80 E., though the 
width as given by him is bat Z^ feet. 

Going southward on the Auburn side of the river the first dike 
encountered was on the property of L. Merrill, Lake street, above 
Fern, (Locality (4) on map). This was in granite and but three 
inches in width. The rock is dark gray, strongly banded parallel 
with the sides of the dike in gray and black colors and showing in 
the hand specimen simply a compact aphanitic ground without 
j^Tystalline secretions of such size as to be determinable by the 
unaided eye or pocket lens. Under the microscope in thin sec- 
*Oeol. of Maine, Sd Ann. Kepn 18S9, p. l&l. 
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tions (28519) it shows a dense irresolvable h&ae, tlie true nature of 
which is badly obscured by calcite and femiginoaa decomposition 
products, but which was once evidently a glass. Throughoat 
this base are thickly scattered abundant acicular plagioclases, iron 
ores in grannlai and grat«like forms and occasional largerrounded 
blebs of more or less serpentinized olivines. Hornblendes or 
augit«s if ever existing, have been obliterated by decomposition. 
This rock yielded Prof. Packard 39.40% Si 0,. No other dikes, 
of which this might be considered an offshoot, were discovered in 
the Ticinity. 

Going still farther south two small dikes, one 15 Inches and one 
3 feet wide, were found exposed in the railroad cutting of the 
Lewiston and Auburn railroad on the west bank of the Little 
Androscoggin river neariy opposite the Barker cotton mill. 
{Locality (6) on map). These show a structure in every way 
identical with those first described south of the Androscoggin 
mill and from thair position (nearly due west) there seem good 
reasons for assuming them to be a continuation of the Cedar 
street dike in Lewiston. A complete analysis of one of these 
rocks (28531) is given on p. 54. In a cutting of the Maine Cen- 
tral railroad, south of the Taylor Brook crossing, and almut a 
mile below the city of Auburn occurs still another dike about 12 
inches in width (locality (6) on map). This rock (28532) in 
the thin section is indistinguishable fromHawes, dike 1, (diabase) 
at Campton Falls, New Hampshire.* It yielded Prof. Packard 
39.46^ Si 0, and is presumably a continuation of the dikes 
south of the Androscoggin mill on the Lewiston side of the river. 

Farther to the west, between the well known tourmaline and 
lepidolite locality, fancifully known as "Mount Tourmaline" and 
Stevens mill, is another dike five feet in diameter (28658) which 
shows also a camptonite structure and composition. It is to be 
noted, however, that slides in the Museum collection from other 
dikes having the same trend, but lying to the northwest, near 
Taylor pond, are normal diabases and ophitic in structure. 

The next dike met with, traveling south along the M.C. R. R., 
is found just before reaching Danville junction. This is a large 
dike of normal olivine diabase (35056) which yields some 46% 
Si 0,. 
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Analyses of samples from the olivine rock, dike 6 below the 
Androscoggin mill in Lewiston (39199), and the 12 inch dike 
from the cutting in the Lewiston and Anbom railroad in Aubnm 
(28531) yielded Prof. Packard results as betow. For purposes of 
comparison are given (iii) the analyses of dike No. 1, at Camp- 
ton, New Hampshire, as given by Hawes.* (iv) of the Montreal 
diorite as given by Harrington,! and (v) and (vi) camptonites 
from Proctor and Fairbaven, Vermont, as given by Kemp and 
Maraters. % 

I. n. III. IV. V. VI. 



sio. 


S9.32 


41.1G 


41.63 


40.95 


41.00 


48.50 


TiO, 


1.70 


1.60 


3.95 


3.39 






14.48 


18.51 


18.26 


16.« 


21.86 


17.08 


Fe.O, 


2.01 


2.32 


8.19 


18.47 


18.44 


18.68 


Fe 


8.78 


8.63 


0.93 








MnO 


0.71 


1.26 


.87 


0.83 






CaO 


8.30 


8.75 


8.86 


10.68 


10.40 


8.16 


MgO 


n.u 


10.09 


7.81 


6.10 


88B 


6.84 


K.O 


0.87 


1.22 


8.83 


1.28 


111 


3.84 


Na, O 


8.76 


3.21 


2.40 


4.00 


2.86 


2.84 


0.61 


.61 




0.29 






CO, 
H. 6 


5.36 


5Ji4 


6.20 








S.57 


S.05 


1.35 


(Ign)8.84 


5.00 


4.36 



99.42 100.96 100.75 100.68 99.22 99.40 

From the above it appears that in the immediate vicinity of 
Lewiston and Auburn are two series of small and geologically 
speaking insignificant dikes, both having essentially the same 
trend (so nearly so that they were supposed at the time these 
observations were made, (1883), to belong undoubtedly to the 
same system) one of which is normal diabase while the other, in- 
cluding nine or more lying almost within the southern outskirts 
of the two cities, must be referred to the lamprophyrs, or if a 
Specific name is demanded, may be called camptonites as the 
term is used bj' Rosenbusch. There are objections to this. In 
all of them augite occurs both as phenocrysts and as a constituent 
of the groundmass, and must be considered as of greater genetic 
importance than the hornblende. There is moreover an almost 
constant tendency toward an ophitic structure as displayed in 
basalts and diabases. 

Just how much weight iu the matter of classification is to be 
attached to micro -structural features, it is perhaps as j'et too 
*Am, Jour, Sci., 8d, jtvri, 1879, p, 147. 
tRep. Geol. Survey of Canada, 1877-78, p. 44 G, 
fTrane. New York Academy of Science, vol. xi, 1891. 
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early to say. In the writer's opinion neittier tliese nor the fact 
that ap to date such rocks may have been found occurring only 
in dikes la alone of sutflcient importance to warrant the introduc- 
tion of new names into a branch of science already over- burdened. 
We must not, however, lose sight of the fact that in addition to 
the above characteristics (which may or may not prove constant) 
we have here a peculiarly basic magma standing intermediate be- 
tween the diabases and peridotites, and which, as a plutonic rock, 
can be relegated to none of the older groups. As a convenient 
temporary term the name camptonite as given by Prof. Rosen- 
buach is perhaps as good as any. The fact that the dikes so far 
described, are in all cases extremely narrow — from 3 inches 
to 5 feet — is, to say the least, interesting. That the structnre 
of the rock is quite independent of the size of the dike is how- 
ever shown by the occurrence in the same vicinity of equally 
small dikes which are normal diabases in ix>th composition and 
structure. 

It is to be noted that chemically the rocks might be considered 
as members of the monchiquite group, from which however they 
are excluded by the uniform presence of plagioclase feldspars.* 
The high percentage of magnesia, a necessary coase<iuence of the 
abundant olivine, is also worthy of note as indicating a close 
chemical relationship with the peridotites. 

Thanks are due Mr. L. H. .Merrill, chemist at the >Iaine ex- 
periment station, by whom many of the samples were collected 
and sections cut, as well as preliminary- analyses made. 

Nafional Mmenm, April, 1892. 



In his inaugural address, before the Royal Society of Canada, 
the President, Abbe J. C. K. Laflamme,of Laval Universitj-.Quelwc, 
gave an extended account of the life and labors of the late Dr. T. 
Sterry Hunt, who had been one of the members of the society from 
its inception. 
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ON THE OCCURRENCE OF TYPICAL CH>CTETES 

IN THE DEVONIAN STRATA AT THE FALLS 

OF THE OHIO AND LIKEWISE IN THE 

ANALOGOUS BEDS OF THE 

EIFEL IN GERMANY. , 

PlATK III. 

B]' Db. C. Roxoiskb, Ann Arbor. 

The nnmeFous forma formerly comprehended ander tbe name 
Chivieiei, by coneidering merely the general external reaemblance 
of the fosailB with the one described by Fischer under tbe name of 
Ckceteleg radian*, were found by more accurate microscopic ex- 
amination to exhibit many important differences in their structure. 

The majority of this mixed assembly could be placed under 
MonticuUpora, a generic group proposed by D'Orbigny; another 
part was fonnd to correspond with the forms described by Lons' 
dale under the name SUnopora; for still others the erection of 
new genera was deemed necessary, and only a very small number 
of them actnally corresponded with Chattete* radians, the type 
of the genus. 

Chirleleg SO restricted, like Stenojiora, was nnknown in strata 
older than the Carboniferous period, but in tbe subjoined pages I 
am going to describe representatives of C/tcetetei from the 
Devonian at the Falls of tbe Ohio and from tbe contemporaneous 
beds of the Eifel in Oermany. 

Before proceeding with the description it will be desirable, 
first, to define the characters distinguishing Cha:letes from Jtionti- 
culipora, Stenopora and related genera. 

Common to all of these is the composition of their colonies of 
small elongated tnbnles which are in their whole extent inti- 
mately grown together; the channels of these tubules are inter- 
sected by more or less numerous transverse diaphragms, and 
are not in communication with the adjoining tubales by lateral 
pore cbunnelH as they occur in the favositoid tribe, whose gen- 
eral structure exhibits so many points of resemblance with 
Cktrtetei that even today some naturalists not only consider 
Clw-Mes as a subordinate member of the favositoid family, but 
have described characteristic C/urfetes forms under the name 
Calnmopora which is a synonym of Faroaites. 

The above mentioned structural characters cemmon to the 
s generic groups under consideration are snbject to certain ' 
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modifications constituting ttie distinctive marks upon wliich the 
Depatatioaot Cfueletet tTom Monticwlipora, Stenopora, etc., is based. 
In MontietiUpoTa and Stenopora the walls of the intimately united 
tnbes are either diatinctly donble, exhibiting a central demarcating 
line between the contigtiouB walls, or this line is obliterated, but 
each of the tabes is in the immediate circumference of its orifice 
fiurrounded by concentric rings of darker shade than the lighter 
colored intermediate sclerenchymal mass, which plainly indicates 
the original independence of each of the anchylosed walls. 

In only a small subdivision of the MonticuUpora group are the 
walls so thin that it is practically impossible to demonstrate 
their duplicity. 

Stenopora has donble walls like Monticulipora, but among 
other differences the periodical swelling and contracljon in the 
thickness of the walls constitutes its principal generic peculiarity. 
In Chietetf the walls intervening between the tube channels are 
«oroparatively thick, but appear to be common to the contiguous 
channels; it differs further from the other generic groups by the 
development of irr^;ularly disposed longitudinal crests within its 
tubes. Their number is variable; in some of the tnbes no crests 
are observable, in others one, or two, or even three and four 
may be present which indentations cause considerable irregularity 
in the shape of the orifices. Another essential pointof difference 
between Chcftetet and the other forms under comparison is said 
to be the multiplication of ils tube channels during the progress 
of growth by a division of the older tubes, while in the other 
genera the tubes are mnltiplied by production of lateral gemme. 
This assertion is at least not fully correct; on the one hand I 
have before me sections of typical Chwietei in which a multiplica- 
tion of the tubes by gemmse, sprouting from the edges of the 
tube walls, is plainly exhibited; on the other hand an Indnbitable 
instance of a division of the older tube channels in two, or sev- 
eral, never occured to me, but not very rarely I have seen in 
transverse sections the longitudinal crests project so far into 
the lumen of the tubes that sometimes two opposite crests almost 
came in contact, which case might be apprehended as a not fully 
accomplished stadium of the division of a tube. 

The above mentioned want of differentiation in the walls of the 
adjoining tube channels, does not imply their perfect homogeneity ; 
in reality every tube orifice is bordered by a circle of nodules 
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resembling in thin sections the cross cut aoanthopores of a 
Monticalipora, bnt never showing a central perforation as tliey 
sometimes do. 

The size of these nodules differs considerably in the same circle; 
some three or four are larger than the other intermediate ones and 
constitute the upper termination of the before described longitud- 
inal crests indenting the orifices; the other smaller ones cause no 
perceptible indentations of the tube channels, but they are per- 
ceptible as delicate longitudinal strife ( Wands treenge) on the 
faces of vertically cleft specimens, and better still in thin, longi- 
tudinal sections. The walls are actually composed of laterally 
anchyldsed vertical columelles, which, counting the larger and 
smaller ones, amount to from ten to fifteen in each circumference 
of a tulie. 

The specimens of Cha-ieU» radiant from Miatschkowa Govern. 
Moskau, which I have had occasion to examine, are of coarsely 
crystalline grain and do not allow of observing all the details of 
structure; much plainer are they exhibited by specimens of 
Ckateif'i milleporaceoiu from different localities in Indiana, Illi- 
nois and Kentucky, and in still greater distinctness all these 
structural particulars may be observed in the Devonian species 
found at the Falls of the Ohio and in the Eifel mountains. 

Noteworthy yet is the frequent development of morticutes on 
the surface of Clueteteg specimens, which are occupied by tulje 
orifices of lai^er size than the rest. In addition to the other 
points of structural similarity, these monticules seem to me a con- 
flrmation of the close relationship esiating between Ckiftetes and 
MonticuUpora. 

After these preliminary remarks I will enter on the special des- 
cription of the Devonian species of Ch<etetes. 

The specimens from the bed of the Ohio river I had collected a 
numlier of years past; on account of their external resemblance 1 
had identified them without closer examination with a similar 
form abundantly found in the limestone formation of Sandusky 
and Kelley's Island, and provisionally* labelled them with the 
name Cluetetes poiiderosag. Later, Prof. Hall figured in one of 
his publications a form perfectly corresponding with the Sandusky 
specimens, and accordingly I adopted that name in place of the 
one given by me provisionally. 

Only recently, when I happened to look over these specimens, 
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I noticed that some differences existed between those from one 
tocfility and those from the other, and when I came to examine 
them microscopicflliy, I found to my anrprise more important 
differences in their structure than I had expected to find. 

The mode of growth in both is about the same, forming bulkj' 
convex masses or undulating thick tabular expausione, coDsistiug 
of sub-paralle! closely united tubules of about ^ of a millimeter in 
width; the surface exhibits low rounded monticules, on which or- 
ifices of somewhat larger size than the others present them- 
selves. 

In vertical fractures through such colonies is seen their compo- 
sition of a number of concentrically superimposed successive lay- 
era, each of which represents a certain period in the growth, and 
a preceding and subsequent interruption of it. In this respect an 
obvious difference exists between the Sandusky and Louisville 
specimens. The concentric layers of the latter are merely indi- 
cated by an incrassation of the tube walls on that limit without an 
interruption in the continuity of their channels, while in the San- 
dusky form each concentric layer consists of an independent set 
of new tubes, which start with procumbent ends on the top of the 
orifices of a subjacent layer and soon after rise into an erect 
position. These procumbent basal ends of the new set of tubes 
frequently are consolidated into a continuous lamina, which under 
favorable circumstances allows a separation from the subjacent 
belt of tubules, presenting a wrinkled surface, very much like the 
laminar surfaces we can observe on splitting the double leaved 
expansions of a Ftilodictya or Stictopora. Such periodical inter- 
ruptions in the growth occur at very variable intervals; in the same 
specimens the thickness of such a layer may rot exceed two mill- 
imeters, snbsequent ones may measure four and five millimeters, 
and some over an inch before a new disturbance in the growth 
commences. On cleaving such specimens vertically the tubules 
readily separate so as to present their angular outlines intact and 
the surface partly covered with wall substances which on its sides 
exhibits delicate transverse wrinkles of growth, besides stronger 
corrugations becoming most conspicuous in the angles of junction 
between the neighboring tube channels. The specimens from 
Louisville, in distinction from the Sandusky specimens, never 
exhibit such transverse rugosities; their tubes join under remark- 
ably straight edges, but on the other band, they show a plain 
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longitudinal etriation, of which on the Sandusky form not a trace 
can be perceived. 

Compaiing microscopical sections of the two forms, their struc- 
tural diversity is still more clearly exhibited. 

Transverse sections of the Sandusky specimens and of similar 
ones from the Helderberg group at Long lake near Alpena,' 
present thin walled polygonal orifices ^ of one millimeter in di- 
ame.ter and somewhat larger ones crowded around the monticulea. 
In the angles between the tubes a small number of triangular or 
quadrangular cell spaces may be noticed, which must be taken 
for the young ordinary tubes. Besides these, also acanthopores 
are observable in distantly scattered position. In every one of 
the auccessive layers the tabes are near their upper terminatioa 
subject to a slight incrassation, which thickened portion exhibits 
nnder the microscope its diaphanous scterenchymal mass dotted 
by numerous dark pnnctations disposed in a doable row around 
the circumference of the orifices. If sections are not thin enough 
for good transparency, tliese densely crowded panctations could 
sometimes be mistaken for cross baia extending from one side of 
a wall to the other, or for the channels of connecting pores, but 
in sections, sufficiently thin, it becomes plain above all doubt, 
that these dark dots are isolated punctifonn, and never trav- 
erse the entire thickness of the walls. This punctation of the 
substance of the tubewalls, noticeable in cross sections, is also in 
longitudinal sections dimly perceptible, but only the mcrassated 
wall portions show this dotted structure; the intersected thin- 
walled parts of the tubes do not. 

In all the examined specimens were found developed trans- 
verse diaphragms, unequally distributed and rather remote in po- 
sition. 

Summing up the points of the preceding description, this form 
(Hall's Cha^tetet lennu) correspond b in all particulars with 
Nicholson's proposed subdivision of Mtinticulipora, termed Mono- 
trypa excepting in the presence of a few acanthopores, said to be 
missing in Monotrypa. But this arbitrary restriction of generic 
limits, which ia not .fully proved even with regard to the type 
form Monotrypa undulata, of which I have specimens exhibiting 
distantly scattered acanthopores, does not detain me from asso- 
ciating the described form with its nearest family relations and to 
introduce it under the name Monotrypa tennii Hall sp., since the 
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n&me ChceteUt as now defined is do longer applicable in the case. 
Ashowever the Louisville specimens, abont to be described, fully 
correspond, in their structure with Cfurtetex, my formerly used 
provisional designation Chaileta pondervitu can now be perma- 
nently settled upon them. 

Their external mode of growth has already been mentioned. 
The width of the rounded polygonal tnbe orifices, is, as in the 
former, about one-third of a millimeter and of the lai^r ones, 
on the monticules, about half a millimeter; the inter\-euing walls 
are stout, and not formed of a homogeneous mass of acleren- 
chyma,but obviously show their composition of a circle of solid 
vertical tissue colnmelles of alternately smaller and larger sizes. 
These colnmelles are intimately united with their side faces into 
closed channels with simple wallscommon to the contiguous cavi- 
ties. 

According to the different sizes of the tubes, from twelve to 
sixteen of such colnmelles may be counted in the circumference 
of an orifice. The larger columeltea generally occupy the angles 
of the tubules, the smaller ones the intermediate part of the walls. 
Cross sections of the columelies under the microscope appear ex- 
actly like intersected acanthopores, as thej' present themselves in 
tangential sections of some Monticulipora species, bnt none show 
a central perforation like some of these do in Monticulipora, The 
entire thickness of the walls is occupied by these colnmelles, the 
lai^er of which cause a slight indentation of the margins, but in 
this species scarcely ever such strong crest-like projections occur 
as we observe them in the tubes of Chfrtele» millejioraoeut; other- 
wise, however, the longitudinal striation of the tube walls, corres- 
ponding with their columellar stracture, is much more plainly vis- 
ible in thin sections, and even microscopically on cleavt^e faces 
of the Devonian form, than ever it occurs in specimens of Chte- 
lett» mitJeporacnu. 

Transverse diaphragms, rather remote in position, are usually 
developed, but in some specimens I could uot discover their pres- 
ence. 

From the Devonian limestones of the Eifel I have two different 
species. One of these I collected myself 50 years past in the vi- 
cinity of Gerolstein; it grows in strumose convex masses, and is 
preserved in a porous, grannlar limestone, with dull fracture. The 
fossil itself is likewise composed of a similar granular calcareous 
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material, wherefore the more delicate structnr&l details are some- 
what obscured. Still, in thin sections, the principal features of 
the species are suffleientlj' plain for recognition. Width of the 
tubes, one-third of a millimeter; shape of the orifices quite irreg- 
ular, somewhat rounded and longer in one direction than in 
the other, with conspicuous indentations of the cavities by two, 
three, or four of the larger vertical crests. The intermediate 
smaller columelles, though plainly recognizable in cross sec- 
tions, do not cause indentations of the margins. In longitud- 
inal sections, the striated surface of the walls, the intersection of 
the tubules by moderately numerous transverse diaphragms, the 
concentric superposition of new layers without an interruption in 
the continuity of the tubules, and the multiplication by lateral or 
marginal gemmte, are alt features readily observable. 

The material at my disposal is not sufficient to determine 
"whether the second form, which I obtained from Prof. Schluter 
in Bonn, is really a different species. It grows in thick, flat ex- 
pansions, which have been described and figured by Prof. 
Schliiter under the name Calamopora piUformU. I refer to his 
own figures and explicit descriptions, from which the identity of 
his species with Chn-tetei becomes evident before one sabjects 
the fossil itself to a scrutinous examination. 

The margins of the irregularly polygonal, somewhat rounded 
orifices are indented by two or three, but not rarely by four and 
five, crest-like projections, and the intermediate portion of the 
margins shows the outlines of smaller columelles taking part in 
the formation of the walls. The tubules, one-third of a milli- 
meter wide, ascend almost parallel with each other from the base 
of the expansions to their upper surface without an obvious inter- 
ruption except by numerous transverse diaphragms, distant a little 
more than one tube diameter. Not a trace of lateral connecting 
pores can be discovered, and as Prof. Schliiter is fully aware of 
that fact, 1 feel somewhat surprised, that he unreseivedly places 
this form under the genus Calamopora, a synonym of Favosites. 

EXPLANATION OF PLATE. 
Plgl. l-S, MOHOTRVPA TEHMIS Hall, Bp. 

1. Small portion of taogentlal section, X SC, showing structure of 
walls and one of the acanthopares. 

2. Portion of vertical section, X IS, showing an acanthopore, the 
headed structure of some of the walls, and several diaphragms. 
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8. Another porUon of & vertical aectioo, X 18, ehowiag tbe entire 
thlckneaB of a narrow layer of tubes, and the minutely puactate charac- 
ter of their walls. 

Flga. 4-8, Ch^teteb pondehobub, d. Bp. 

4. Tangential eectlon, x 18, with part of a cluster of large cells. 

5. Portion of another aectlon, x 28. 

e and 1. WallB of two tubee, X 50, Bhovlug mlnuto structure, the Aret 
with the wall thick, the second l>eiow the average in thickness. 

8. Vertical aection, X 18, ehowlug structure of walls of two tubes 
The constrictions of the walls are nearer each other than usual. 

Pigs. 9-10, Cu.iETETBB, sp. undet., from the Elfel of Germany. 
and 10. Vertical and transvene sections, X 18. 

Figs. 11-14, CH'Btktes uillepokaceub Ed &, H. 
11, 12 and 13. Small portions of three transverse sections, X IS, 
showing variations In wall- structure. 

14. Two tulies of a vertical section, x 18, Bhowlog wall-structure and 
arrangement of diaphragms. 

Figs. 15-16, Ch.«:tbtbs pilifokhis Sch inter, sp. 
IB and 16. Small portions of transverse and vertical sections, X 18. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 

Tertiarn PUmU fnm Ba.ivia.—lTi the Trans. Amer. Ins. H. Es. (.Tune, 
1892), Prof. N. L. Britton descriiMsa number of Tertiary plants collected 
by Ur. A. F. Wendt at the silver mines of Potosi. The plants were found 
In a flne-grained sandstone which, according to Prof. Kemp, who made a 
microscopic examination of the rock. Is undoubtedly volcanic glass and 
pumice. The fossils are very fragmentary, and tbe author Is inclined to 
the opinion that soma of the species represented are the same as living 
forms. Myriea bankgioidt$ Engelhardt, Ca»tia rhrytocarpoidtt EugL, and 
C. iigu»tTinoide» Engl., appearto be the most common. Ten new species 
are descilbed and seventy-nine figured, of which ten are undetermined. 

Oeology of if aryknd. —Johns Hopkins Univ. Cir. ^o. 9S, pp. 37-8S. 
Under the auspices of Drs. O. H. Williams and W. B. Clark, the univer- 
sity geologists made B«ven excursions in the vicinity of Baltimore, and a 
short notice of the results is given in the present paper. 

For geological work this uaiverslty is perhaps more favorably situa- 
ted than any other Institution. The state presents all the periods from 
the ArcbKan to the Tertiary, and much of this is within a short Journey 
of Baltimore. Perhaps the most interesting excursion from a palteonto- 
logical point of view was that to Fort Washington, on the Potomac river. 
A section Is here most beautifully exposed and consists of Pleistocene 
8 ft. Eocene 13 ft. Cretaceous 20 ft, Potomac 50 ft. The first and last 
being at this point non-fossiiiferous. Nq [iev[ evidence is given regard- 
Ing the position ot the Potomac group. 
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Cvprotanitterite: ^ jiap mtnffraJ.— (Trane. A. l.M. E. Feb.l8»2). M«. 
TiTUB Hekb describes an apparently new tin mineral, which he dlaoov- 
ered at the Etta mine, Black Hllla, S. Dak. He gives the formula la 4 
SnO, + Cu, 8n(HO)„ containing Ba SO p. c, H,0 8p. c. Hardness 3, 
8p. Qr. 5. QlvGH Sn and Cu reactions with soda. DiasolTes in acids 
with separation of Bn O,. The author advances the opinion that the ah- 
ciente may have used this miDeral, being of comparatively easy reduc- 
tion, in the manufacture of their bronze. 

Bohemian OameU : Mb. Geokoe F. Krwz (TranB. A. I. M. E. Feb. 1803) 
gives the results of his visit to the garnet district of Bohemia, situated 
sixty kilometers northwest of Prague. The region Is one of alluvium 
and diluvium resting upon the Cretaceous (Plftner-kalk). Phonoiltft and 
basalt penetrate the strata. The garnets, which are of the pyrope va- 
riety, are found loose In the soil, In the diluvium, and embedded in the 
serpentine. The lower layer of the strata is cut away, the upper ones 
being thrown down, after which the atones are separated with water. A 
quantity of vertebrate remains have been found in the diluvium by Dr. 
Parek. They ara exhibited at Trebnitz, and comprise Elephtu, Rltiaore- 
ro», Anteludiu, Rangifer, Cenut, JSqum, Bo», Urtm and 8u». From a 
flnancial point of view, Mr. Eunz mentions the fact that in 1890 these 
" diggings " produced uncut garnets to the value of 80,000 guilders. The 
average dally pay of each worker is alwut 38 cents. 

EUoliU-SyeniU of Litchfield, Uninf, and Hateft' Ilomiilende-SyeniUfrom 
Rea Uill, New Hampthire. By W. B. Batlbv. Bulletin, O. 8. A^ vol. ili, 
pp. 231-262, with a map and microscopic sections; June 4, 189S. Two 
varieties of eleolite-syenite are described in this paper, one of which 
the author names Kteltfitldite, from the township of Maine in which It is 
found. The second, which Is a more nearly normal variety, comes from 
Red hill in Moullonboro, N. H., near the northwest end of lake Win- 
nipesaukee. 

The Sytteiii of Mineralogy ofJame* Duiight Dana, 1837-1868.— JJetcriplivt 
Mineralogy. Sixth edition, by Edward Halisdusv Dana. New York; 
I. Wiley & Hods, 1802, pp. 11S4 + 58, flgs. 1400. 

More than a score of years have passed since Prof. Dana, the elder, 
Issued his fifth and last edition of his system of mineralogy. We are 
now glad to welcome this new edition, for the advance in this science, 
even in the paat ten years, has been remarkable; still, bis system in this 
country has not been aliandoned. Besides many new additiona, other 
changes of much Importance have been Incorporated in this sixth edi- 
tion. In the mathematical portion, the angles of the various apecies 
constitute an important feature. Many of these angles have been re- 
calculated and are now published in new form. Many new chemical 
analyses are given, adding much to the value of this great work. 

It is evident that professor Dana does not believe in an unnecessary 
Increase in new species, and It is also evident that bis judgment in this 
respect ia correct, for there are too many workers who are ready, at the 
least pretext, to create new species. This undoubtedly has arisen from 
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tooburrledMamlii^oii' If new Dunee &rea6«oIu(dy neceaaur, let them 
be provlalonal until further InveatigatlaoB prove their right to become 
p«nnBoent. The learned author, much to hla credit, is only able to tec- 
ognlse between 800 and 900 epeciea. We can agree with profeaeor 
Dana in \b^ Btatement that many apparent]; new specieH, If studied 
with eufllaiont care aod comparison, would undoubtedly fall undei some 
old epeciei and form varletiee thereof, and of thia the preaent work will 
be a constant reminder. 

The volume la a credit to American mlaeralogy, and the sjatem of 
Dana will coutlnue to be, as In the paat, the chief guide and authority for 
£ngliHh-HpeBklQ)r atudenta, at leaat In America, 

The Manmagton oilJUld arui the kiitory of \t$ dettloptMnt. By I. C. 
Whitk. Bulletin of the Geological Society of America, vol. ill, pp. 187- 
316, with map and BectlOQe; April IS, 1892. The district here described 
lies in M^rioa and Monongalia countiea, W. Va., on the Monongahela 
river. In each of the three aecliona noted at Mount Morris, Manuington, 
and Fairvlew, the oil wells pass through the whole thidtDeaa (1,000 to 
2,000 feet) of the Carboniferous system, from the Permian or Dunkard 
Creek aeries to the "Big Injua" or Mount Morris oil asnd, which be- 
longs to the horizon of the Pocono aaadstooe, the lowest of the Carbonl- 
ferouB strata. The paper contains also a very interesting history of the 
development, chiefly by Profs. White and Orton, of the "anticlinal theory" 
of reservulTB of oil and natural gas, and of its succesaful application to 
the discovery of new locations for oil wells in the Mannlngton district. 

Fut»U ]>laiU» from the Wirhiln or Permian bed* of Texas. By I. C. 
White. Bulletin, 0. 8. A., vol. Hi, pp. 217, 318; April IS, 1893. A 
col lection of nineteen species of plants from the Wichita formation In 
Texas, which Is regarded by Dr. ('. A, White and Prof. E. D. Cope as 
cert^nly of Permian age on the evidence of its Invertebrate and reptil- 
ian remains, is found to comprise eighteen apeciea that occur in the 
Dunk>rd Creek seriea of West Virginia, southwestern Pennsylvania, 
and Bouthern Ohio. The determinations of these plants were made by 
Prof. W. H. Fontaine, who, with the author of this short paper, referred 
these beds to the Permian, on the basis of their fossil flora, fourteen 
years ago. 

Hotf on the Geology of the VnHey of the middle Ria Q-t-ande. By K. T. 
DuMBLB. Bulletin, Q. 8. A., vol. iii, pp. 210-330; April 33, 1892. The 
portion of the Rio Grande valley here described, from the mouth of Ban 
Felipe creek, near Del Rio, to Webb Bluff, near the south line of Mav- 
erick county, has a length of about 80 miles. The elevation of Del Rlo la 
9T3 feet, and the descent thence to Ea^le Pasa and Webb Bluff is about 
three feet per mile of direct distance, or approximately two feet per 
mile along the meandering course of the river. A alight aoutheastward 
dip, estimated to be about 100 feet per mile, brings sviccessively newer 
beds Into view as one travela down the valley, from the Arietina claya of 
Lower Cretaceous age at Del Kio to the Eocene beds of Webb Bluff. 
The thickness of the Upper Cretaceous strata appears to be about 7,800 
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feet. Overlying the eroded surface of these formatlone nre grnvel 
deposits, often cemented b; cftlcareoua matter and paeBing Into lime- 
stODe, named the Kejnoaa beds, which contain freah-water ahellB, as 
BvliTMtt altfrnatut Sb.j, and are thought to be a phase of the Lafayette 
formation. 

A recition and moncgraph of the geraa ChonopkyUum. By Wli-L H. 
SiiKRESn. Bulletin, G. S. A., vol. lit, pp. 258-283, with one plate; May 
S4, 1892. Twelve Rpecles of this genus of Paleozoic corals are recog- 
nized, two of them being described for the first Ume. Ten are North 
American, and two (Including one of the new species) are liluropeau. 
The genus existed through the Upper Silurian era and the Comiferous 
and Hamilton dlvisionB of the Devonian, its cuimlnaUon being in the Up- 
per Uelderberg epoch. 



PERSONAL AND SCIENTIFIC NEWS. 



The Rotal Society of Canada held its regular atiQual moot- 
ing in the Parliament Bnildinga at Ottawa, Ontario, from May 
3l8t to June 2d. 

The four sections adjourned to differont apartments for the read- 
ing and discuHsion of pajKrs. 

In Section III, Chemistry and Mineralo(jy, Professor K. J, 
Chapman, of the University of Toronto; read the following two 
papers: On a New Form of AppJi cation- Goniometer. On l/ie 
Mexican Type in the CryttalliuUion of the Topat, with Kotne Remark* 
on Cryntallographic Notation. 

In Section IV, Geology and Bioloot, Mr. G. F. Matthew, of 
St. John, N. B., delivered his Pietidenti'il Ad(hes» "On the Dif- 
fuMxon and Sequfnce of the Cambrian Faunat. " 

In this address an attempt is made to distinguish the littoral 
and warm-water faunas of the Cambrian age from those which 
mark greater depths of the sea and cooler water. 

On the hypothesis that species capable of propagating their 
kind in the open sea would spread rapidly to all latitudes where 
the temperature of the sea was favorable, such forms as the grap- 
tolites are taken as fixed points in the successive faunas. The 
relation to the graptolites is noted of various species of other 
groups of animals, as they occur in dilTerent countries. It thus 
appears that several genera appeared first in America and after- 
wanis spread to Europe. 

On the other hand a verj- close connection appears to have ex- 
isted l>etween the Cambrian faunas of the north of Europe and 
those of the Atlantic coast of North America. Hence it it 
fetred that the lemperaturc of the sea of these two coasts was 
similar, and the connection between them direct and unimpeded. 
Equal temperatures in these different latitudes would be main- 
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tained by a cold current flowing from the Nortb European to the 
North Atlantic coast. The evidence available seems to point to a, 
migration of the American species by a route to the west and north 
of the main part of tlie Atlantic basin. 

Mr. Matthew also contributed another paper entitled: /f/uWra- 
liout of the Fauna of lite St. John Group, No. VII. 

This is the final paper on this subject and treats chiefly of the 
fanna of the highest horizon in the group. It was accompanied 
by a list of all the species of the St. John group, showing the sev- 
eral horizons at which they have been found. 

There was an index to the whole series of the author's papers 
on the species of this group; those of the Basal series which under* 
lies it, and those described by tlie author from the Cambrian rocks 
of Newfoundland. 

Besides the species from the highest horizon of the Bretonian 
Division (Div. 3) which formed the main subject of this paper, a 
few others from near the Itase of this division were described. 
Among these are a small Camarella and Strophomena, also small, 
which is perhaps the oldest known being from near the horizon of 
Parabolina gpiiiuloaa. 

From the highest horizon itself the species arc of the age of those 
of the Levis sliale, or therealmut, as shown by the graptolites 
fonnd here. There are several orthids, some of which are identi- 
cal with, or arc varieties of species of the Levis limestone de- 
scril)ed by Billings. The few trilobitea known are of Cambrian 
types and include a Cyclognalhut allied to C. imcropygut and a 
Eahnia. Several minute ptero]HHl8 occur in these shales with the 
graptolites. 

The fossils of this horizon are known only from one locality, 
near the Suspension Bridge at the " falls " of tlie St. John river, 
where they have escaped denudation owing to the complete over- 
turn which the St. John group has undergone at that point. 

Me. J. F. Whiteaves then presented a paper on The Foi»iU 
of the Hudtoii River Formation in Manitoba. 

The occurrence at the mouth of the Little Saskatchewan of 
rocks, which, on the evidence of a single fossil, were doubtfully 
referred to the Hudson River formation, is reeortled by Dr. R, 
Bell in the Reportof Progress of the Geological Survey for 1874- 
75. The first definite recognition of that formation in Manitolia, 
however, is contained in the Report of Progress of the survey 
for 1878-79, on the evidence of a large aeries of characteristic 
Hudson River fossils collected at Stony mountain by Dr. Klls in 
1875 and by Dr. Bell in 187!t, preliminary lists of which were 
given. An additional collection of fossils from this very prolific 
locality was made by Mr. Weston in 1884. In 1831 and 18112 
Mr. D. B. Bowling found that Hudson River rocks occur also at 
Ctarkc't Harbour, ten miles north of the Little Saskatchewan, and 
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at an expoKorc six miles north of Clarke's Harbonr. at eafh of 
which localities a small series of fossils was obtained. 

The object of the paper was to give as complete a list as possible 
of the f'KMils of this formation in Manitoba. In the mosenm of 
the aurver there are now as manr as sixty species from Stony 
monntain alone. 

Pkoi". Chapman contributed a paper On P'iXrazoir CuraU. 
An attempt to simplify the determination of genera in the so- 
calle<l Tabulated and Rngose corals of Paleozoic rocks. 

^IR William Datson tben summarized in a Terr interesting 
manner his paper Oa the i'nrreiation of Early CretocfOHS Flurat 
iH C'lHail'i and Ihf {/uileJ SUitt*. and oh tumr uetc phinli of this 

The parpose of this paper was to illnstrate the present state of 
our knowledge respecting the flora of Canada in the early Cre- 
taceous, and to notice some new plants from Anthracite. N. W. 
T.. collected by Dr. Ami. and from Canmore, collecte^I by Dr. 
Harden. It was a continuation of the author's paper on the Meso- 
zoic Floras of the Rocky Mountain region of Canada in the 
Transactions of the Royai Society of Canada for 18,S5. 

Sir William Dawson then introduced a paper by Dr. Ami, of 
the Canadian Geological Survey, --On the Occurrence of Grapto- 
lites and other Fossils of Qucliec age in the Black Slates of Little 
Metis. Quebec. " ThiK paper contains notes and descriptions of 
G raptolitiit and other fossils from an interesting collection made 
by Sir William Dawson from rof;ks which have generally l)een 
assigne<l to the age of the Quet>ec group. 

PwiF. L. AV. Bailey, of Frederickton, Sew Brunswick, in a 
paper entitled Olnfrvitions im ike Gi'ology of S'lalhicrslrru Nora 
iSroti'n. gives a review of the geological structure of Shelhume 
and Yarmouth counties, Xova Scotia, in the light of recent ex- 
plorations made by the author, with a sketch map of the form- 
ations. 

Section IV elected the following officers for the ensuing year: 

Preti/Unt—J F. Whitbaves, F. G. 8. 
Vice-preiidriU—VROV. J. Macocs. 
Su-relary — Prop. D. P. Pes hallow. 

The whole society elected the following officers: 
PrMMfcn/— J.G. BoUBisoT. LL. D„ etc. 
Ki>f-(jr&(i(fon(— Georoe M. Dawsoh, C. M. G., etc. 
Serretary—i. Fletchkk, F, L. S. 
Trawurer— A. It C. Sbi.wys, C. M. G^ etc. 

Before adjourning the society extended a unanimous invitation 
U> the Geological Society of America to bold their next winter 
meeting in Ottawa. Canada. 

De. Georcie M. Dawsos, of the Geological Sur\-ey of Canada, 
has just had the honor of C. M. G. conferreil on him by her Bri- 
tannic Majesty. 
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AN APPROXIMATE INTERCLACIAL CHRONOM- 
ETER. 

N. H. WlMCBILL, Uinanpalla. 

Plates iv, v akd vi. 
la the present stage of the rapidly nofokliag geology of the 
glacial and succeeiling epochs every opportunity to cast light on 
that interesting drama slionld be improved. The writer contrib- 
utes the following discussion to the subject with a hope that it 
may have some weight in determining one of the questions which 
yet remain unsettled.* The evidence here given that a consider- 
able interval of time, at least equalling that which has elapsed 
since the final withdrawal of the ice from the vicinity of the falls 
of St. Anthony, intervened between the first and second glacial 
epochs, is, perhaps, not conclusive proof, but in the opinion of 
the writer, it is far stronger tlian anj- evidence that lias been ad- 
duced tending to reduce that interval Uj a mere recession and re- 

*A previona paper by tbe writer, The Geoiogi/ of Uennepiri County, 18H3, 
a chapter fa Trie lli»tn-g of Minnetpolit, I Atwater, cuntalng Che outlines 
of tbladlacuaeloQ. 

The duration of luterglaclal time has alao been Indicated by Pres.T. 0. 
Chamberlio: tiomt addiUoa-U eeideiicu btvriag on tlis intrrml belireaa tht 
glacial epnehg. Bui. Oeol. 8oc. Am , vol. i, p. 401), 18'JO. The erosion of 
tbe trenclies to wblcti he alludes, at leaal so far sa they He within the 
drifted UtUudea, seems to Imt very doub fully indicate the duration of fn- 
terglaclal time, since, as urged by .lames tieikle (On ttie glacial period 
and the earth movement hypotheaU, pp. 18-10) such valleya may hare 
been eroded in periods long anterior to the first glacial epoch, or even in 
pre- Cretaceous times. 
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advance of the same glacial sheet, requiring a hundred, or two or 
three hundred, years; and as such if it should be accepted finally 
it will remove from the field of future cootroversy one of the ex- 
treme views of the shortness of that interval, and will open up a 
more dear, because more restricted, field for farther investiga- 
tion. 

In the sixth annual report (1877) of the Minnesota survey (p. 
70) allusion was made to an old gorge in Bamsey connty, in the 
following words: 

There is eome appearance of the former extension of the valley of 
lUce creek mubh further southward, and It Is no unreasonable sugges- 
tion that the great Mississippi Itself may have once occupied this valley, 
entering the great gorge again where It becomes Temaikahly widened, 
at St. Paul; but the evidence Is entirely topographical. Such as It Is It 
la perhaps overlialanced by a confusion of hills and high drift ridges 
north of SL Paul, which render it improbable that the Trenton is any- 
where enUrely cut through from the Rtce creek valley to St. Paul, as 
would have been the case if the Mississippi ever psssed through there. 
Also, on p. 85 of the same report is the following statement: 

There is slso a significant chan;^ in the direction [of the HlBsisslppl], 
^d one the more significant as it seems not to have been due to any 
rock formation existing at St. Paul, but directly contrary to the rock 
sculpturing that exists there favorable to the continuance of the river in 
any pre-occupied valley running In the same direcUoa. Allusion has 
been made to a possible ancient gorge through the Trenton north of St. 
Paul in describing the surface features of the county, but on the geologi- 
es map of the county no such gorge is represented, because it never has 
actually been discovered, and its hypothetical location would perhaps be 
of no service. « ♦ • « 

These anomalous and significant facts can all be reasonably explained 
on the supposition that the MlsstsBippl river was diverted from its 
ancient valley-gorge, north of St. Paul, fay the ice and drift of the first 
glacial epoch, and that It was driven Into that which has been described 
in the report on Hennepin county, toward the west further, and Joined 
the Minnesota valley at some point above Fort Snelling, but between 
that point and Shakopee, without passing over or through the Trenton 
limestone at all. Their united waters then formed the river which 
excavated the gorge between Fort Snelling and St. Paul (unless the 
Minnesota alone bad already done it) between the first and second glacial 
epochs. 

Since that report was written several results have been attained 
which diminish the obstacles to the hypoth^iis which then existed. 
The extent and distribution of the moraines of the state have been 
established by more field work. The ancient discharge of the 
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Minnesota river eastward through some valleys which lead to the 
MissisBippi river at points south of St. Paul, thus poBsibly remov- 
ing the Minnesota river from the elements of the problem, has 
been described both by Mr. Upham and by the writ«r in reports 
on Martin, Blue £arth. Rice, Goodhue and Dakota counties. 
Some data from deep wells and from topographic levels have been 
obtained bearing upon the probability of a continuous old rock- 
cut valley extending from the mouth of Uice creek, near Fridley, 
to St. Paul. 

More recently the attention of the writer has been given again 
to this subject,' and he has attempted to illustrate on plates IV 
and V and Vi some of the data on which the conclusions of this 
paper are based. That the valley of the upper Mississippi is 
very old is evident on a moment's reflection, t That the main ar- 
tery of its drainage must always have had a channel, more or less 
wrought in the rocky crust, is equally evident. It is also very 
plain that that old valley, and that old excavated channel, must 
have dated from the upriaing of the rocks that formed the surface 
in the vicinity, from below the ocean's level. Many changes, 
perhaps such as to cause the shifting of the actual line of erosion 
by such drainage from place to place, within certain limits, may 
have taken place since the Archean rocks of the central region of 
Minnesota first began to shed the continental waters. Some of 
these may have occurred since the Cambrian and Lower Silurian 
rocks, which are the only ones (with one non-important exception) 
which now exist in the region concerned later than the Archean, 
rose above the ocean and added their quota to the land area of 
the region. Allowing for all these sbiftings, which are entirely 
hypothetical and have no claim to be allowed, in any exact state- 
ment, yet it will be at once admitted that there was suflQclent of 
quiet in the interval from the Lower Silurian to the present, to 
permit the early Mississippi to excavate what might be styled a 
" base- leveled" goige through the rocks over which it flowed. We 
will not here enter upon the evidences that the present gorge is 
the oldest, dating from Silurian times, at least between St. Paul 
and the southern boundary of the state, but will simply call atten- 
tion to the fact that the immediate source and the mouth are most 

*0p. eit. The Geology of Hennepin County. 

■fE. W. Cl-wpole. The Story of the MlBsiuippi-Mlaaourl. Aksb. 
GEOLoaiHT. Vol. hIt pp. 861-377. 
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subject to change, the former by recurring glaciation, and the 
latter by oecillation of the coastal lands. It is therefore obviously 
a iion-Kequitur to base any statements respecting the ^e of the 
upper Mississippi on facts and features that may be obsen'ed in 
the lower portion of the valley, and this will apply, with proper 
limitations, to a great many of the tributaries of the Mississippi. 

Such " base -leveled " chancel, with steady slope and easy cur- 
rent, could have had no water- falls such as are produced by alterna- 
tions in the rock-strata with which streams come in contact in 
drift-covered latitndes. The occurrence of a water-fall in a river 
implies a comparatively recent change in the location of its Ijed. 
The same is true of rocky rapids. The drifted regions abound in 
water- falls. The non-drifted are without tbem; but i-iV-k er»a the 
drifted regions are scantily supplied with deep river-cut gorges, 
and the non-drifted are scored by deep gorges cut by the surface 
drainage. 

Such a valley is the goi^e of the Mississippi, from St. Paul to 
the Iowa state line. Its depth is not measured by the hight of 
the present bluffs, for the excavation is found to extend several 
hundred feet below the present surface of the river. It has re- 
cently iKten partly refilled. Drift deposits (gravel and sand) lie 
upon the bottom of the rock-goi^ and have a thickness of over 
two hundred foet. 

As the eroded valley is immensely deeper, within Minnesota, 
than the present bluffs, so it is also wider. The Trenton lime- 
atone which was its lied in Upper Silurian time and perhaps in Car- . 
boniferous, now forms bluffs along each side some miles distant, 
having been wasted away more rapidly than the other, lower, lime- 
stone strata, through the disintegrating action of the erosible St. 
Peter sandstone immediately underlying it. (See plate V, flg. 3). 
These distant Trenton-St. Peter bluffs approach the river toward 
the north further, and at the falls of St. Anthony the Trenton 
again forms the bed of the river, being the barrier at the brink 
over which the water plunges. (Sec plate it, fig. 2.) 

The study of the falls and the surrounding region lias revealed 
some earlier history of the river, and has brought to light some of 
the ahau<loned gorges which the river formed in interglacial and 
pre-glacial times. The oldest valley seems to have been the most 
direct one, viz: that extending from the mouth of Rice creek 
altove MiuncajtoUs, to the mouth of Trout creek, at St. Paul. 
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This is also the most frayed and amootbedoff with age and surface 
disintegration, thus becoming wider and less distinct. 

In 1680, when father Hennepin, the discoverer of the falls of 
St. Anthony, taken by the Sionx Indians in the vicinity of La 
Crosse, was led in captivity to lake Mille Lacs, the source of 
the (then) St. Francois river, they left the Mississippi at St Paul 
and apparently followed this route to avoid the rapids and falls of 
St. Aathoay; for in this valley are several lakes and from them 
flows a canoeable stream to the Mississippi again, northward. 

There is a significant break-down and total lack of the Trenton 
limestone at St. Paul on the left bank, just above Dayton's bluff, 
for a distance of nearly a mile. This break-down occurs on one 
side of the right angle which the river there makes, and directly 
where the course of the present river -channel below, if extended 
northwestward without the nght-angled turn, would encounterthe 
bluff. This fact alone is signiflcant of changes in the course of 
the goi^ of the Mississippi as occupied and eroded at different 
epochs in the past. On following up this intimation, the inquir- 
ing geologist ascertains that there is not only no known existence 
nor any sign of the Trenton limestone anywhere northwestwardly, 
and that the St. Peter sandstone a lower stratum occurs In out- 
crop in the low grounds intervening between the mouth of Trout 
brook and the mouth of Kice creek, but also that on either side, at 
a short distance, the Trenton still exists. On the southwest side 
it rises into a conspicuously hilly tract, and includes some of the 
highest beds belonging to this formation known in this part of 
the state. On the northeastern side it is less prominent, occur- 
ring so far as known, mostly as remnants of the outrunning fringe 
of the formation. But still further east, across a wider valley, a 
conspicuous spur of the higher beds of the Trenton shoots off 
northeastwardly, divei^ing from St. Paul and passing into Wash- 
ington county at Castle. This shows that at some former time 
there was a great valley northward from St. Paul, whose east and 
west sides diverged from the break-down in the Trenton wfaich 
bas been mentioned. One portion of this great valley, lower now 
than the rest, extends northwestwardly to the mouth of Bice's 
creek and there encounters the present Mississippi river six miles 
above the falls of St. Anthony. In this portion of this valley lie 
McCarron, Bennett, Josephine, Jobannah and Long lakes, con- 
nected with the Mississippi, either toward the north or toward the 
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sontb and with each other, by Bice creek and Trout brook, con- 
atitutiog a marked valley which connects the Mieaiesippi above 
the falls with the Mississippi below the falls by a nearly direct 
course. (Compare plate vi.) 

The writer, in former papers, has discussed the recession of 
the falls of St. Anthony,* and has deduced a time-measure for 
their recession from Fort Snelling to Minneapolis, and has shown 
that this also measures the time elapsed since the last glacial 
epoch. This result, approximately 7,800 years, has generally 
been accepted by glacialista, especially iu America. It was 
shown that just prior to the last general glaciation the Mississippi 
river at Minneapolis occupied an old valley which diverges from 
the present channel within the limits of the city, at the mouth of 
Bossett's creek, passed southward where now a series of lakes lie 
(Calhoun, Harriet, etc.) and joined the present Minnesota chan- 
nel at some point a short distance above Fort Snelling. There it 
turned to the northeast, at a right angle, and went on to St. Paul, 
and thence, with another right angle, as now, it finally took its 
andeviating course southward. The significance of the first of 
these right angles has been pointed out in that earlier discussion. 
It is the purpose of this paper to point out and discuss the sig- 
nificance of the second. 

In the light of what has been shown for the first it is a reason- 
able expectation to find a similar explanation of the second, 
should similar or identical conditions attend the second. 

Those conditions are: 

1. A great river seeking a channel of dischai^, throui;b a 
country uniform in its topography and geological structure, to the 
ocean. 

2. The derangement of the natural, direct and primary course 
of its erosion by the on coming of the conditions of a glacial 
epoch. 

3. The choking up of the (then) existing channel and the 
accejitance by the river on the retirement of the g>acial conditions 
of another slightly different channel. 

4. Its entering again upon its old channel at a lower point, 
and the birth at that point of a new waterfall. 

'Fifth annual report of the Gleologlcal Survey of Minnesota, 1876, pp. 
166-189, Quart. Jour. Geol. Soc Lond., Nov., 1878, pp. 886.902. Final 
report of the Geological and Natural History Sun-ey of Hinneeota, vol. 
It, pp. 818-341. 
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5. The recession of this waterfall backward till it cut a goi^ 
through the obstruction which it had been compelled to surmount 
rather than flow round. 

6. The greater depth, width and different direction of the old 
gorge from the gor^e which the river excavated in the later stage 
of its history. 

7. The existence of another older valley from which the river 
might be presumed to have been expelled. 

8. The movement of the ice, in general, in that direction, 
about the falls of St Anthony, which would tend to throw the 
river from its supposed older channel toward its supposed uewer. 

These conditions all do exist, in connection with the second 
right angle, as plainly as Uiey do in connection with the first. 
The map on the accompanying plate (vi) illustrates them. The 
difficulty which we encounter in attempting to handle the facts 
consists in the consciousness that they relate to a very old histoiy. 
We have not often attempted to place time limits on geological 
data, and when we have ventured to do it we have confined our 
assays within post-glacial time. Our next step must be beyond 
the border that sets off post-glacial history as a unit of geological 
time amenable to our scrutiny, and leads into interglacial time. 
We reach the results inductively, just as we have tor postglacial 
time. Here are a set of facts. They need reasonable interpreta- 
tion. That hypothesis, which suited the other set of identical 
facts is naturally the first one invoked for this. Does it apply as 
well? 

The movement of the ice of the first glacial epoch has Ix-en 
stated to have been from the northeast in the vicinity of the falls 
of St. Anthony, that of the second from the northwest. This is 
based on the prevalent direction of transport shown by the nature 
of the drift materials when they are referred to their native places. 
The lower till — ^the copper-colored or red till— ^has a preponder- 
ance of rock debris from the region of lake Superior, and north- 
em Wisconsin. The upper or gray till, which has a marked con- 
trast with the red, has a preponderance of rock dubris from the 
direction of the Red river valley. These tills come into contact 
about Minneapolis and St. Paul, and in all places where the two 
are seen in place, the gray overlies the red, but they are frequently 
separated by a layer of sand and gravel referable to the epoch of 
the red. When the glacier which deposited the red drift ap- 
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pixtacbccl tbe region of Minneapolis it must have found tlie Mis- 
siasippi running in its most direct course southward, for it can 
only be supposed tbat the ordinary events of ordinary seasonal 
changes, and ordinary erosion of the surface of the country, prior 
to that event, would have acted to determine the location of the 
stream. Arch^an highlands existed toward the east. In Wiscon- 
sin, and toward the west, in Minnesota. When the land rose 
from the Cretaceous baptism, those highlands must have shed 
their surface waters toward this valley. The resultant main 
stream, taking the easiest course toward the sea, excavated its 
channel first through the Cretaceous sediments and then into the 
Silurian or other strata, guided only by the accident of poa4 of 
the snrface. If we know of no cause that could have diverted 
it, as we do not, we must suppose, a priori, that its course would 
be the most direct and shortest to reach sea level. We take no 
account here of the possible, and even probable, existence of a 
pre- Cretaceous river and hence a pre-Cretaceous gorge, for had 
such existed it would, in the first instance, have been governed in 
its location by tbe same infiuences. We might add, that had 
such pre-Cretaceous gorge existed, its effect on the contours of 
the surface after the mantle of the Cretaceous sediments had been 
spread over the region, would have been favorable to the re-loca- 
tion of the stream, when the land became dr}- again, in the same 
gorge OS it had excavated in pre-Cretaceous time, and hence tbat 
it matters but little whether we discuss here the pre-Cretaceous 
or the post -Cretaceous drainage. In either ease the shortest, and 
the lowest line of drainage was chosen. A glance at the map, 
and a knowledge of the geology of the region would at once indi- 
cate that the Mississippi, on the ativent of the first glacial epoch, 
was probably running in the valley which has been referred to, 
from the mouth of Rice creek to the mouth of Tiout creek, thus 
cutting out both nf the right-angled turns that it now makes be- 
tween those points. This valley it must have occupied during 
Tertiary time nt least, and probably since Lower Silurian time. 

Where was the Mississippi running on the withdrawal of the 
ice of tbe first glacial epoch? As has been stated, it was shown 
that when the second glacial epoch approached, the Mississippi was 
rnnning in a channel excavated through the Trenton-St. Peter 
along tbe western suburbs of Minneapolis and reached the Minne- 
sota valley at some point above Fort Snelling, and it is fair to as- 
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BDUie that it was driven there by the eveats and forces of the first 
glacial epoch, and that it had occupied it during the time ttiat in- 
tervened between the two glacial epoclts. But that is an excavated 
river gorge, cut in rock in a manner similar to the present gorge, 
except that it is wider. Our problem is to measure the time re- 
quired for snch excavation, for we are obliged to infer that the 
manner of its excavation was by the recession nf an iaUrglaeial 
/all* of St. Anthony. 

In this problem there are some elements identical with those 
which were employed in the calculation of the time required for 
the formation of the post-glacial gorge, and there are some which 
are somewhat different. 

Those which «re_ the same are: 

1. The general slope of the country. 

2. The contact of the two formations which conspire to cause 
the water- fall. 

3. Uniform and horizontal position of the same rocks. 

4. Definite limit for the upper end of the eroded goi^e. 

The elements which are different, or uncertain, aro the follow- 
ing: 

1. The size of the river. 

2. The lower end of the excavated gorge, i. e. whether the 
falls began at that point above Fort SnelHng where the Mississippi 
at that time met with the Minnesota river, or at a point at St. 
Paul opposite Dayton's bluff, where the lower right-angled turn 
takes place. 

As to the size of the river during interglacial time we have 
no definite data, except that we may infer that it was not so large 
but that it coald fiow in the gorge it excavated. We have no re- 
liable data by which to estimate the annual precipitation over the 
r^on which the river must have drained. It was a period in 
which some of the mountain ranges of the western country did not 
exist. The Kocky mountains did not extract and return to the 
Pacific ocean the moisture from the western winds quite so readily 
as they do now, and hence the contrast in annual rainfall between 
the plains and the eastern portions of North America was not so 
marked. Again there must have been active volcanoes in the 
western portion of the United States and perhaps some in Colo- 
rado. These must have disturbed the atmospheric conditions, 
causing at least in their near vicinity, copious rains, and these 
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centers of atmospheric disturbance were doubtless io some in- 
stances wafted far eastward, and even northward, shedding on 
the plains more moisture than they receive now. The present 
size of the interglacial gorge being somewhat larger than the post- 
glacial gorge, even after making allowances for some enlarge- 
ment by the disintegrating action of the last glacial epoch, and 
there being some reason to think the western country was wet in 
many places where now it is drj',* it is reasonable to infer that 
the river was permanently sustained at a higher stage by a greater 
precipitation. If this be allowed we shall have to admit that it 
would act more powerfully at the brink of a receding waterfall, 
and that the recession of such water-fall, for any given length of 
time, all other things being equal, would have been more rapid in 
interglacial time than it has been in post-glacial time. This dif- 
ference may have amounted totwenty-flve per centum of the post- 
glacial recession. 

In regard to the point of debouchure of the interglacial Missis- 
sippi into a pre-existing gorge, giving rise to a water-fall at the 
commencement of interglacial time, there are such uncertainties 
that it will not be possible to determine whether it was at St. Paul, 
opposite Dayton's bluff, or at a point in the Minnesota valley a 
few miles above Fort Snelling. This all depends on bow old that 
portion of the Minnesota (now the Mississippi) valley is, between 
St. Paul and the supposed point of junction above Fort Snelling. 
There is some reason to suppose that the Minnesota river did not 
always unite with the Mississippi where it does now, nor at any 
point in the vicinity. The Minnesota itself, at Mankato, has a 
significant right-angled elbow, and at other points further north it 
shows signs, especially in glacial and post-glacial time, of having 
taken a course to the Mississippi aci-oss Rice, Dakota and Good- 
hue counties. At earlier dates its waters may have found passage 
to the sea toward the southwest and the Missouri river, or through 
some of those deep rock-cut gorges which characterize the Undine 
region in Blue Earth county, thus having had some agency in the 
pre-glacial sculpturing of those canons in which He the cnrions 
"chains of lakes" which Mr. llpbam has described in Faribault 
county. 

*Thi8 difference Is indicated by the existence o( interglacial peat beds 
In southern Minnesota, and the discovery of many trees lite cedars 
whose habitat is usually In swamps, in the upper till as well aa' in the 
peat beds. 
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Be all that as it maj', there is one fact which tends rather in the 
opposite direction, and indicates that the Minnesota itself cut a 
gorge between St. Paul and Fort Snelling and also further up its 
I'alley even in pre-glacial time, and that the interglacial Missis- 
sippi found this gorge in existence when it was compelled to aban- 
don permanentlyitsown pre-glacial gorge. That evidence consists 
in the depth of the gorge between St. Paul and Fort Snelling. 
This excavation has to be measure;! through the whole thictineds 
of rock-strata which have been cut, regardless of the accidents of 
the present, for the spreading of the drift has obscured the history 
of the river preceding the ice age. This country became dry land, 
so far as can be Judged from the latest marine formations (not 
considering the Cretaceous), at the close of the Lower Silurian. 
The whole of the Lower Silurian was probably deposited through- 
out the area inclu led in this calculation, and at the present time 
there are preserved, iii the hills to the south of St. Paul, as well 
as at St. Paul and toward the northwest and northeast, as already 
state<l. some of the higher layers of the Trenton, even including 
some distinctively (ralena characters. The thickness of all the 
Trenton beds (shales and thin limestones) is 114 feet. The St. 
Peter is exposed, alxtve the river level, about 75 feet, and the 
gorge, as revealed by deep wells. Is cut about 300 feet below the 
water level. The total excavation in the rock therefore is 3K9 feet. 
As this comports with the general depth of the Mississippi gorge 
below St. Paul, which must be referred to pre-glacial history, 
rather than with any excavation that can be referred to intergla- 
cial time, it points strongly to pre-glacial time for the excavation 
of the valley b.^tween St. Paul and Port Suelling — and hence also 
to the occupancy of the present valley in general by the Minnesota 
since pre-glacial time. 

At any rate, whether the interglacial falls began at St. Paul or 
not, the length of time required for their recession to the mouth 
of Bassett's creek is sutflciently long for the purpose of this paper. 
We will, therefore, assume the shorter recession, and calcu- 
late from the point alwve Fort Snellmg on the Minnesota blutfsat 
which the Mississippi may be supposed to have leaped from the 
Trenton limestone to the river below when it was driven from its 
pre-glacial goi^e. 

In a direct line the mouth of Nine-Mile creek in Bloomington 
township, which may most reasonably be taken as the point of 
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commencement of the intergUcial rails of St. Anthony, ie dislant 
from the {nouth of Basaett's creek where they stopped their reces- 
sion, twelve and a half mileti, or about 50 per cent, further than 
the distance through which the post-glacial falls have receded, 
from Port Snelling to MinneaiMlia. Taking the results of the 
calculation of the post-glacial recession as a measure of iutergla- 
cial recession, we find they compare with the intei^lacial condi- 
tions as follows: 

Poft-glncial rfcfimiou ^ milet, in 7,800 i^arK. 

Jttterglacial recetsioiif 12^ rnUfi, at a rate perkapt 25 per cuti. 
/otter. 

The greater distance will more than compensate tor the greater 
rate, and will allow us to add t« the time required about 25 per 
cent, of the post-glacial time. This indicates 9,750 years for the 
lapse of time required for interglocial recession. 

Such an interval of time, if it occurred between the two glacial 
epochs, would allow for sometbiag more than the temporary' re- 
treat and rc-advance of the same ice sheet. It would give time 
for the weathering of the till of the first glacial epoch and the 
excavation of valleys in it by interglacial streams. It ia time 
aufflcient for the growth of forests and the accumulation of peats, 
for the development of a somewhat characteristic fauna and flora, 
and for the establishment of some human habitation as well as 
civilization. The whole Egyptian dynasty, and perhaps the dawn 
of the Chinese, might be compassed in such a period. 



NOTES ON MANGANESE IN CANADA. 

H. P. Bkiiheli., OtUwi. 

AaalBtaat, DIvlBion of Hiaeral Statistics and Mines Qeologlcal Survey 
of Canada. 

(Coinniuiilcattidbr permlulon of tbe nirHtor.) 

In preparing the following brief sketch of the various impor- 
tant deposits of manganese in Canada, 1 have embodied the 
greater part of tue article on that substance which I prepared for 
the annual report of the division of Mineral Statistics and Mines 
for 1890.* 

That the industry bos not attained greater commercial promi- 
nence is due rather to its distance from market than to any in- 
sufflciency of supply; this applies, however, more especially to 

•Annual Report Geol. Surv., part B, Vol. v, I86U-eO. 
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the low grade or blast f urnac* am» than to th« highly crystalline 
pyroluHite for which the market is rwtmted. Of the geographi- 
cal position of the ore deposits little need h* sud beyond the fact 
that the worked and, as far as is yet known, the woAable deposits 
are all sitQated witbin New Bmnawick and Nova Scotia. Through- 
out these provinces are found many comparatively extensivft de- 
posits of the crystalline and semi -crystal tine ores, viz; pyrohw- 
ite, mauganite and psilometane, as well as large areas of wad or 
\jog — manganese. The crjstalline ores are, in the majority of 
cases, found in rocks of Lower Carboniferons age, white the Iwg 
ore deposits, being of recent formation, are found overlying rocks 
of any formation from the pre-Cambrian upwards. 

Neie BnniiKicl: — lo New Brunswick the most important de- 
posit of the crystalline ores is that at Markhamville, Sussex, 
Kings Co., from the workings of which upwards of 2II,(II>0 tons 
have been shipped. The ore deposits are irregular beds, pockets 
and veins in a small area of Cartmniferous limestone, on the 
northwest side of which are located the workings. Many of these 
ore bodies have attained large dimensions, one of tbem affording 
in the neighborhood of 4,000 tons of tnanganite with a consider- 
able proportion of pyrolusite. The discovery of manganese at 
this point was made in 1862, when it was worked by Mr, Wm. 
Davidson, of St. John, until 1865, after which the property 
passed into the hands of the Queen Manganese Co. , bj' whom it 
was operated under the management of Major A. Markham until 
1889, when it again changed hands and was operated, stilt under 
Major Markham, by the Pope Manganese (.'o. Owing to the loca- 
tion of the deposits, in a valley cut through the softer limestones, 
no regular system of mining has lieen attempted, the operations 
being, until quite recently, att<^ether in the form of drifts and 
open cuts with wbich the hill on the north and west aide of the 
property is literally honey -com bed. During 1890. however, ex- 
plorations were being made by means of the diamond drill, with 
the result that two deep-seated deposits had been found and were 
being sunk upon. 

Of the ore shipped from this mine two distinct classes are rec- 
ognized, viz: ''Blast furnace ore.'' consisting almost entirely of 
manganite, and high grade or ''grey ore,'' consisting of pyrohi- 
Hit«. The following analyses are of "high class manganese ore 
from Markhamville, New Brunswick" and are taken from --The 
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Mineral Resources of the United States, calendar j'ear 1 
Washington, 1890: 





No. I. 


No. 2. 


No. 3. 


M ingaaese blaoxide 


98.70 






peroxide 




97 25 


»I63 


Silicu 


0.55 






Iron 


0.75 






Iron peroxide 




0.85 


0.78 


Barium 


trace 






Baryta and Eillca 




0.95 


O.OT 


Water 




trace 


tr»ce 


Lobs 




095 


1.75 



Another important deposit of crystalline ore is that of Jordan 
mountain alwnt Ave miles north of Sussex. Kings Co.. and on the 
west«rn side of the mountain. The ore bodies occur in a man- 
ganiferous limestone throughout which arc scattered, in a manner 
similar to that at Markhamville, more or less extensive deposits 
of pyrolusite and manganite. Since its discover)- in 1882, by 
the present owner. Mr. F. W. Stockton, of Sussex, but little has 
been done, further than a small amount of development work, 
consisting of stripping ard an open cut oF about eighty feet in 
length, in the bottom of w'jich might be seen an interbedded len- 
ticular mass of ore, principally manganite. From this cutting 
about 400 tuns of eighty to eighty-five per cent, ore had l>eea 
extracted. 

Operations have been carried on for many years and by different 
companies at Quaco Head, a bold rocky promontory about one mile 
southwest of the villt^e of St. Martins, Kings Co., unfortu- 
Lst«ty, however, with but slight success, owing to the low per- 
centage of oi-e contained in the rock mass. The deposit con- 
sists of a heavy bed of red calcareous shale highly charged with 
manganite and psilomelane, pyrolusite being of much rarer occur- 
rence than in the limestone deposits of the aforementioned local- 
ities. The property has l>ecn worked in a very desultorj- man- 
ner for many years, energetic operations not having been under- 
taken until its acquisition by the present company, who began 
work by driving a tunnel into the shales which show a blufl face 
of alwut 150 feet high. From this tunnel, which was driven about 
sixty feet, two cross-cuts were made in either direction for about 
twenty feet. In these workings several small pockets and con- 
siderable quantities of mill-rock were struck and the ore ex- 
tracted, though no shipments were made. In connection with the 
mine a well equip|>ed milt was erected and a wharf built and 
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all facilities made for the easy handling of the ore. Owing to 
the position of the mine, ore conld be run direct from the work- 
ings to the wharf and loading accompliabed at one handling by 
means of self<dumping cars. 

Assays of the concentrated ore made by A. M. Cowly, Cam- 
bridge, MaBB., gave the following result; 

Compact Porous 
variety, varleiy. 
ManganeBe dioxide 71.54 6S.00 

Insoluble allicaies 8.87 KM 

Ferric oiide 2.18 1.75 

Pb' aphonis 0.03 04 

Calcium trace trace 

Metallic manganese G8.20 57.1S 

A considerable proportion of time is generally present in the 
concentrates, which will not, however, interfere with their fitness 
for use in the manufacture of steel for which purpose all the ore 
from this property will be most suitable. 

A peculiar occurrence of manganese is that which is to be seen 
on the north and northeast side of Gowland mountain, KIgin, 
Kings Co. , where the ore, consisting principally of psilomelane, 
is found filling the interstices of a very much brolten and partly 
decomposed granite of pre-Cambrian age. A fcmall amount of 
development work was done on these deposits without, however, 
locating any other than small bunches of a very impure pyrolu- 
site and psilomelane. The following analysis made in 1S85 by 
Mr. R D. Adams, late assistant chemist to the Geological Survey, 
is that of a specimen of psilomelane from this property: 

ManganeHB dioxide, available .10.31 per ceat. 

Ferric oxide S.OK " 

Insoluble residue 33.78 

The specimen also contained a very appreciable percentage of 
barj-ta. 

This property is peculiar in alTonling the only instance in New 
Brunswick where the crystalline ores of manganese are known 
to occur iu appreciable quantity outside of the Cart>oniferous 

Other localities where man^nese, in its crystalline forms, have 
been noted are, Upham, Waterford, near Petitcodiac, Springfield, 
T6te-A-Gauche Falls, and many points throughout Albert county. 
Of one of these, Shepody mountain, Dr. R. W. Blls, in his report 
to the Geological Survey for 1884, writes: "The rocks of the 
mountain (Shepody mountain) rest upon a small outlier of the 
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taloo-chloritic schbts. which show od the road to the north, kad- 
ing to Curryrille. and are flanked on the east by the grey sand- 
tttones of the millstone-grit. On the northwest side a Uige de- 
posit of manganese was worked for some years, a tunnel being 
driven into the moantain along the contact with the underlying 
schists for nearly l.OOO feet, the ore, which consisted of pyroLu- 
site and psilomelane. occurring at the base of the conglomerate 
in irregular pockets. Operations have been suspended for some 
rears, and the workings hare all fallen in." 

Of the deposits of wad in New Brunswick the most important 
are those at Dawson Settlement. Albert Co.. where many acres of 
ore are found, the beds varying in extent and depth, and attain- 
ing in some places a thickness of over forty feet, lo which point 
they have been proved. The deposits are covered throughout 
with peat and peaty matter, ha^'ing a thickness of about twelve 
to twenty inches, the ore beneath this being found to be practically 
free from impurities. The mode of working is very simple, con- 
Msting of cross trenching, by which means the deposits are 
drained, after tbb the ore is excavated and di^ed in pans, the re- 
sult being a dry and almost impalpable powder. 

A partial analysis of the ore by Mr. W. F. BcBt. of St. John, 
gave: 

Hangaaese binoiide 47.0 

Iron oxide 18.0 

VegeUble matter S4.0 

Low IJt 

Copper tnc« 

Cobalt tnwe 

loao 

Several analyses by Mr. John Burwash gave the following per- 
centages of manganese binoxide: 73.6, 35.5, 58.3, 57.6,70.7, 
63.4. and an average specimen collected at various points and 
sampled gave 47.4. 

Noru, Scotia. — As in New Brunswick extensive deposits of 
manganese are known to exist in Nova Scotia, where ihtr ores and 
mode of occurrence are similar though differing in a great meas-, 
ure in the matter of productiou, that of this province being much 
smaller than that of New Brunswick. In Nova Scotia, however, 
there is a very large proportion of pyrolusite or high grade 
ore. 

On the south shore of Minas Basin and midway between Noel 
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and Walton, is situated the best kaown and most important man- 
ganese mine in Nova Scotia, the Teny Cape mine, which, since 
its discovery in 1862, tans been operated more or less continuously. 
The ores, consisting mainly of pyn>luBit« and manganite, are 
found in the CsrboDiferouB limestone which may be traced for 
many miles on the south shore of Minas Basin, the limestone im- 
mediately in connection with the ore deposits being highly man- 
ganiferous and interstratifled with small beds and masses of 
manganiferouB calc-ahale, the whole being usually of a deep red 
color. The mode of occurrence ia pockety, the ore being found 
in irregular masses and stringers which follow the bedding planes 
and fractures; some of these pockets are of considerable extent, 
one affording, it is said, upwards of 1,000 tons of high grade ore, 
principally pyrolusite. A very considerable proportion of all the 
ore extracted from this mine has been pyrolusite worth from $100 
to 1125 per ton at the works, and containing from 85 to 95 per 
cent, of available binoxide. 

The following assays taken from an article entitled "Notes on 
the Manganese ores of Nova Scotia," by E. Gilpin, Jr., show 
the character of the ores obtained from Teny Cape and vicinity: 

Teny Cape (n) ClieTerle(h) DouglaB 

HangaueM ozldea S5.M 9U.15 84J3 

Iron peroxide l.tS 3.55 0.60 

Baryta 0.99 1.18 0.72 

Inaoluble matter 3.2T 3^ 1.73 

Phosphoric acid 0.34 1.08 

Water 8.S4 8.00 6.89 

Oxygen 7.04 



la) Analyst, Dr. Howe. 
<*) ■• E. Gilpin. Jr 
(e) " H. Poole. 



100.00 



Deposits similar to that at Teny Cape have l)een worked to a 
smaller extent at Cheverie, Walton, Noel and Shubenacadie, on 
the south shore of Minas Basin, while on the north shore no im- 
portant deposits of manganese have been noted, though some of 
the limonite and other iron ores of the neighborhood of London- 
derr}' are highly manganiferons; this is also the case with many 
of the iron ores of both Colchester and Pictou counties. 

The following assays, taken also from Mr. Gilpin's article men- 
tioned above, show the character of some of these ores, the i>ar- 
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tioular cases cited her« being of two limosite ores from Spring- 
ville. Pictou county. 

Iron flMqnioxld* 10.848 4S.3S8 

ManRaneMoiiide 03.tP5U 

" peroxide 14.410 

Alumina 
Baryta 

PhOiphofUB 

Id soluble residue 



80.430 100.808 
On Cape Breton island as well as on tLe main land of the 
province are found deposits of manganese, some of which attain 
considerable dimensions. Among the more important of these 
may be mentioned those situated near Loch Lomond, and of 
which Mr. Hugh Fletcher reports as follows: Geological Sun-ey 
report, 1882-84: 

"Lai^e deposits of pyrolusite, which promise to be of great 
importance, have recently t>een discovered and developed by the 
Hon. E. T, Moseley, of Sydney, on the south side and near the 
head of Loch Lomond, in Cape Breton county. The ore is asso- 
ciated with lower Carboniferous rocks and has been worked in 
two places alx)Ut three-quarters of a mile apart. At the most 
easterly of these, in a brook on the farm of Norman Morrison, a 
tunnel has been driven about thirty feet on a vein about seven 
inches thick, dipping X. 87° W. < 25° in fine red sandstone 
overlying reddish and greenish grit, with grains of quartz alvout 
the size of wheat and red marly sandstone. The ore is irregu- 
larly mixed with red and grey bituminous limestone. tkA and 
greenish shale conglomerate and other rocks blotched with calc- 
spar. It is ipi lenticular layers and also intimately mixed with 
the limestone, being probably of the same nature and origin as 
the hematite and forming at times a cement for the pebbles of the 
conglomerate • • » The mines were first worked in 18S0. 
In 1881 about 70 tons, and in the following year 50 tons of ex- 
cellent ore were shippetl to the United States, * • * An 
analysis of a sample from the Morrison mine affordetl Mr. Adams 
91,84 per cent, of manganese dioxide, only .12 per cent, of fer- 
ric oxide and 2, ill per cent, of insoluble residue." 



ly Google 



Maitffanese in Canada. — BruiueU. 87 

H&ny other depoBita, both of crystalline ores and wad, are 
known to exist thronghoat the island. One of these on Boular- 
derle island is said to be qait« extensive, and the character of the 
ore may he Judged from the following assays: 

I. II. III. 

M&DganeBe per xlde 25.43 ll.(M 44.33 

Iron eesqutoxide 12.49 S5.50 

insoluble BiaUer 07.76 W.OO 

Water 



- Ontario and Qneljer. — Outside of Nova Scotia and New Bruns- 
wick but little manganess is known to occur, and where noted is 
usually of low grade. In Quebec several small deposits of wad 
have been noted, the largest, x>erhaps, being that tn Stanshead 
township, where on lot nine, range ten, the ore covers an area of 
about twenty acres, and has a thickness of about twelve inches. 
That tliis deposit has but slight commercial value is evidenced by 
the fact that the washed ore contains only 37% of peroxide. 
Another deposit, similar to the above, occurs on lot twenty, range 
twelve of Bolton, the ore there assaying 26%. Many similar 
deposits might be mentioned, though probably none as imjMrtant 
as those noticed almve. 

Manganese has also been noted as occurring on the Magdalen 
islands, a small group in the gulf of St. Lawrence. Of these 
deposits Mr. Jas. Richardson in the report of the Geological Sur- 
vey 1879-80, writesi •■Immediately under Demoiselle hill, on 
Amherst island, numerous blocks chatted with peroxide of man- 
ganese, or pyrolusite, occur among the debris of the fallen cliffs. 
They are in pieces varying from one pound to ten or fifteen 
pounds in weight. There can be little doubt that they are de- 
rived from a deposit more or less regular in the hill side, but 
which is now completely concealed by the fallen debris. At a 
place bearing nearly due west from Cap anxMcules, at a distance 
of about a mile, and close to the English Mission church, similar 
pieces to those above described are very frequently picked up.' 
Assays of this ore, in the same volume, gave: 

45,61 per cent. 
0.10 " 

In Ontario manganese has iieen reported from Batchewahcning 
bay, lake Superior. The ore is manganite and is said to a^sny as 
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high aa 60% of peroxide; of the extent and exact sitnation of 
the deposit it is not possible to write. 

An interesting discovery of a manganiferous spothic iron ore 
18 reported hy Dr. R. Bell in the report of the Geological Sur- 
vey 1877-78, wherein he aUtes that a band of about twenty feet 
of the ore, carrj'ing 25% metallic iron and 24% carbonate of 
manganese, occurs in the Naatapoka islands, a group off the east 
coast of Hudson bay. The ore is easily accessible and will no 
doubt eventuaiiy prove of value, the high peroentsge of man- 
ganese contained making it eminently suitable for the manufacture 
of speigeleisen. 



KEOKUK GROUP OF THE MISSISSIPPI VALLEY. 

Chiblib g, BiAfBLiB, Cnwfurdevlllc, ladUna. 
LlTESATUBR. 

The name Anhimedft limutone was given by David Dale Owen, 18^3, 
Qeological Survey WlBconsiD, Iowa and Minnesota, to the forty feet of 
the heavy bedded, quarrj, encrloital limestone, quarried in the bluff at 
Eeoknk, Iowa. This bed In his table of the sub Carboaiferuus rocks of 
the MiMisaippl valley is placed as the uppermost member of the lower 
sub-CarboniferouB; he terms the preceding rocks t)ie OKerty limeitone. 
The Archlmedea limestone bed 1b succeeded by the lowest two members 
of the upper Bub-Carbonirerous which he named {a' ) Qeodife. out Bed, 
and (h' ) M'lgnetmn limeitane. From the great number of fossil shells 
found In the lower part of the Archimedes limestone he uses a special 
name, that of Sh*U Bedt, to distinguish It. 

These four beds form what has developed Into the Keokuk group of 
the sub-Carboniferous period. 



°" ■ 1 (f) Archimedes limestone. 

Owen. [ Lower sub- Carbon If erouB (e) Shell beds. 

L (d) Cherty limeBtone. 

B. C. Swallow, 18G5, First and Second Annual Reports of the Geologi- 
cal Survey of MisBouri, applies Owen's name Archimedes limestone to 
all the rocks from the summit of the Encrlnltal series to the base of the 
Saint Louis series; from the description on page 188 it seems that the 
Cherty bed was regarded as the summit of the Encrlnttal limestone series. 
No other divisions were made. 

Saint Louis limestone. 
(Keokuk) j 

1800. ■{ Archimedes limestone. 

Swallow. [ 

Encrinital limestone \ '^^"^^ ^''■ 
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J&mea HkU, 1SS8, Geological Survey Iowa, volume i, In arraoglng the 
sub-CarbonlferouB rocks of Iowa, places the Cherty aod Archimedes 
llmeilone as two distinct beds undertbedtvlsioii AMJtujfctimMron^, which 
term he uses instead of Owen's name Arublmedes limeetoue, dropping 
the term IShell beds; the Qeode bed is made a tranaltlon bed, and the 
Hagneslan limestone is termed the Warime limalone and placed under 
that division. 

Warsaw limestone. 
Geodk Bbd. 
(Keokuk) 

1858. Keokuk limestone. 

Uali~ Cherty limestone. 

A. H. Wortheu, 1B66, Geological Survey of IlUnoia, volume I, unites the 
whole section of Owen and Hall under the name Keokdk Group, with 
the exception of the Hagneslan or Warsaw limestone, which be seems to 
consider aa a division of the S^nt Louis, as seen by his referring the 
equivalents of the Iowa Magneaian limeatone, in Indiana at Bloomlng- 
tOQ and SpurgeOD Hill to the St. Louis group. 

Varsaw LiuESTOHa. 
Keokuk Group. [ Geode bed. 
WonTHBK. ■{ Keokuk limestone proper. 

1866. 1^ Cherty limestone. 

Charles A. White, 1B70, Geological Beport of Iowa, volume i, uses 
Hall's names and divisions. 

Synonym— SiLiciouB Group. 
James M, SaSord, 18S9, Qeolo^y of Tennessee, proposes the uanie 
Silidoai Group tor rocks of the age of the "Highlands" of Middle Ten- 
nessee, and refers the 

Upper SUifiou* to the Wurtaai 'tad St. l-miii. 
JjOtBtr Silieioju to the Ktokuk. 

(JEOLOOV. 

The rocks of tlie Keokuk group occur in broad belts on both 
the eaatern and western benders of the great Illinois coal field; in 
Indiana and Kentucky on the esatem border, exteudiog iuto 
Tenneaaee and Alabama, and in Illinois and Iowa on the weat«m 
border extending into Missouri. 

On the western border in Illinois and Iowa, where typical lo- 
calities are found, the rocks are exclusively of a calcareous char- 
acter attaining a maximum thickness of at least two hundred 
feet; in Missouri the uppermost member of the group, the Mag- 
neaian limestone, forms the principal representative and has un- 
dei^one great local disturbances in the central part of the state. 
On the eaatem border in Indiana and Kentucky the rocks occur 
as alternating beds of ai^illaceous sandstone, limestone and shale, 
thinning out toward the east and pass downwards into the Knob- 
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stone,* attaining [n Montgomery' county, Indiana, a maximum 
thickness of abont three hundred and fifty feet. In eastern Ken- 
tucky the rocks occur in the tops of the knobs resting upon the 
knobstone. in western part of state they thicken up reaching their 
maximum thickness in Hardin and southern part of Barren 
counties. Tennessee and Alabama the rocks aesume a silicious 
character and are known as the Sitieiout group, attaining a max- 
imum thickness of not less than five hundred feet. 

a. The CI'Tly IM, 
succeeds the l.'pper Burlington limestoDe and appears on the 
Iowa side at the "Cascade" south of the city of Burlington, 
where the extensive quarrying has developed a great number of 
fine transition forms of crinoids. from which the l)e<) receives the 
name of transitioo tied by paleontologists; the bed consists of 
thin alternating layers of chert and encrinital limestone, and 
sometimes an intermixture of lK>th. These l>eds next appear in 
the river lM>d above Keokuk forming the "rapids of the Missis- 
sippi river" where they attain a thickness of sixty to seventy feet. 
In Illinois this bed is seen along Hyde's creek three miles to 
Warsaw, thence to Nanvou forming the lower part of the bliifTs 
at Sagetown. In Indiana the only equivalent of the. bed Is fount) 
in eastern part of Montgomery' county at New Ross where it loses 
its elierty character, the following section was olwcrved : 

Soil 10 to 20 feet 

ArgillaceouH «andatoD« 8 " 

t^rinoldal limeBtoae 8to» " 

Blue arElUaceuus limestone 31o4 " 

UlueBh^e luto - " 

In eastern Kentucky, gcolt^ists generally apply the name 
■■Keokuk'' to the shales and overlying knobstone. which rest upon 
the Genesee shales, and hold that the knobstone (Waverly) and 
Burlington groups are aijsent. At "Button Mole knob" in Bul- 
litt county as well as in the knobs nt the edge of the city of 
helianon. Marion county, the knoljstone. which Owen pointed out 
HO plainly in Indiana, is well developed, with the equivalent of 
the Iowa cherty bed with its characteristic brochiopods, resting 
on top. 

*Ohlo and Kentucky authors use tbe Obio term Waverly; accordiog to 
the 1 iw of nrlority the oaine "Knobatone" has precedeDCe as It was ap- 
plied bj Owen ia 1838 iu his report ot tbe Geological recoauassiauce of 
Indlaaa made to the Legislature during that year. 
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Cfaerty b«d of tb« Keokuk Limestone. 

Waverlyof Ohio \ S^^J^.k."^!. 

DevoDlan Oeneaee Bbmle. 

Section of Knobs of Bullitt, Marion, and Boyle counties. 
Kentucky. 

b. The Keokuk Limettone, 
or Lower Archimedes limestone proper of Owen, is best exposed 
at Keokuk, overlying the chcrty beds forming the rapids, and at- 
tains a thickness of forty feet. This bed gradually thina out 
toward the north and at its edges consisU of altemationsof ai^il- 
laceous and arenaceous beds with subordinate beds of encrinital 
limestone. This character is seen to the extreme in the neigh- 
borhood of Mount Pleasant, Iowa, and at a less d^ree at Ap- 
panoose, Illinois. In MtSBouri the bed is exposed at Hannibal 
and at Boonville, cliffs of this limestone with its overlying equiv- 
alent of Magnesian division can be traced from the mouth of 
Riviere la Mine to below the town, forming a series of wave-like - 
anticlinal axes. The following section was observed: 

Cb«rt in Irregular beds tnterstratlfied with beds of abaly Umettoae 
and calcueous clay, equivalent of the HagDeslan llmestotie of Owen 
*nd the Warsaw of Ball— 8 to 8 feet. 

Hard blue llmeBtoue, contaloiDg Produetui magnut, F. »emi-reliealiitut,. 
p. puaetittat and Ai-ehimedet <neeniinii. The Keokuk or Lower Archi- 
medes llmMtone proper— 30 feet. 

In Illinois this division of the Keokuk forms the heavy quarrj- 
rock at Hamilton, Nauvoo, Niota and Quincy. In Indiana the 
only equivalent is found on Booth branch of Walnut Fork in 
Montgomcrj' county, the following is a section of the rocks: 

Soil 10 to 20 feet 

Blue shale — coDtaining small pockets of criaoids 6 " 

Heavy quarry limestone, contalaing cbaracterU- 
tic fossils — seen in the bottom uf the creek. . .2 to — " 

In Kentucky the writer has tieen unable to distinguish this 
division at any outcrops visited. 

C- r/ie Geoii- Bed. 

This may be found resting upon the Keokuk timestoue proper 

at Keokuk, consisting of a bed of forty feet of calcareouB shale 

or marl, containing numerous geodes of quartz and chalcedony 
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nuigiog from the size of a walnut to two feet in diameter, and 
cavitiee are usually fliled with zinc blende, calcareous spar, etc. 
In Illinois the rocks have been recognized at Warsaw above the 
steamboat landing, on the branches of Otter creek, at Whitehall, 
Greene countj, and on Little Sandy, Scott county. 

The great number of geodes lithoI<^caIly characterizes this 
bed everj'where, in southern Indiana near Bono, Lawrence county, 
at Canton, Washington county, as well as in the top of the hills 
in Brown county, this bed may be seen, and the geodes line the 
sides of the roads. The rocks along Indian creek in southern 
part of Montgomerj' county are the exact equivalent of the Can- 
ton beds as they contain the same fossils but no geodes. 

The writ«r has also been unable to distinguish this bed in Ken- 
tucky. 

d. The Maffttwan, 
or Second Archimedes limestone of Owen and the Warsaw of Hall, 
succeeds the ' 'Oeode Bed ;" and to this succeed beds of shaly lime- 
stone, with partings of shale or marl rapidly disint^rating upon 
exposure; thickness forty feet. The section is seen above and 
below Keokuk, Iowa, but much better developed on the opposite 
side at Warsaw, Illinois. Tracing the formation north it appears 
at Mount Pleasant. 

In Missouri the rocks of this age are seen resting upon the 
Keokuk limestone proper at Boonville. In Indiana it occurs at 
Bloomington and Spnrgeou Hill, as well as on Clear creek, Mon- 
roe county. In Kentucky it outcrops south of Glasgow and at 
Oil City, Barren county. 

On the belation of tub Crawfordsvii.le, Inrlana beds 
with the typical locality*. 

The Keokuk rocks form the surface of the whole of Mont- 
gomery county, with the exception of a narrow strip of later rocks 
extending into the western part, and are deeply covered with 
drift so that the only exposures are along the water-courses. 
The lamination is regular and generally thin, and the general dip 
is toward the southwest. 

The rocks seem to have been deposited and elevated at irregu- 
lar intervals, giving the same section, but a remarkable ditference 
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in crinoidal life. The rocks cannot be divitled into the three 
divisions littiologically as at the typical locality, and the only 
way the horizon of the (iifTerent localities can be determined is by 
the comparison of the species of crinoids and their exact position 
in the strata, with species at the typical locality or wilh other 
localities whose horizon has been referred to the typical locality 
with absolute certainty. 

The rocks of the different horizons in the county always occur 
in the following order: 

d ArglllaceoDi eandston'. 

c Blue shale. 

b Eoctioltal limestone. 

a Blue Bhsle 

The liiweet or Cherty bed outcroi>9 <«i Raccoon creek two miles 
southwest of New Rose, where the upper limeBtone (see section 
given under a. Cherty Beds) disintegrates in places, weathering 
out many crinoid remains, the types being characteristic of the 
Lower Keokuk; several specimens of Alliipro»al-ocrlna»^ which is 
characteristic of the Upper Keokuk, have been found at this 
locality as well as other localities that are equivalents of the 
lower beds. Bearing in mind that the rocks of this group in this 
county mere deposited and elevatwi at irregular intervals, the 
next series of rocks in ascending order outcrops on the south 
branch of Walnut Fork four miles east of C ra w fords vi lie, (see 
section under b Keokuk limestone). 

The limestone resembles very much that at Keokuk. Iowa; it is 
composed of enormous crinoid stems attaining a diameter of one 
inch and a length of several feet, associateil with large specimens 
of Archiia^l'-* owniaiia Hall, I'rodvctut migaiiM M. & W. F. 
putictiilus Sowerby, Flatyrenis equitalerii Hall, /'. infattdihulani 
M. & W. 

In the shale was found a small nest of crinoids containing a 
large Doryninim govhll Hall, and a verj- large I'ttrycriiivf proba- 
bly a new species. 

Again in ascending order the next series of rocks are those out- 
cropping on Indian creek about four miles above the month, 
where is exposed in the bottom of the stream blue shale, under- 
laid by encrinital limestone; the shale containing large nests of 
crinoids. several species being identical with those found at Can- 
ton. Ind., which is regarded as the Geode Bed. 
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loiBci Hall, on« of the most commoa species at Indian creek is 
fouDd in nambera geodized at Canton. Several speciee have 
been found at Indian creek that are identical vitb those of Bono, 
Laurence Co., Ind., which also is equivalent of the Geode Bed. 

Tracing the Indian creek layers northwest seven mites they are 
found outcropping in the northeast part of Park connty on Sugar 
creek where, together with the higher members of the sub-Car- 
txiniferous, they are dovetailed into the Coal Measures. 

From the above facta we may consider the Indian creek locality 
as equivalent to the "G«ode Bed." Having established the hori- 
zon of the above localities which until 1889 were unknown as 
prolific crinoid localities, the most difiScnlt question remains to 
be decided, i. e. the determination of the "Crawfordsville beds;" 
these beds heretofore have been regarded as Lower Keokuk as 
some of the crinoids resemble Burlington form's. 

In excavating at these beds in 1888 this fact was observed that 
the prevailing types of crinoids found ranging from the level of 
Sugar creek upward ten feet were the genera C^atAocrinut, Poterio- 
erinu* and Barycrinus ■ while above these occur the genera Ony- 
ehoerinu*, Forbetiocrtnus, GiUierUocriuiit and Flatt/crinut; in 
Washington county these latter genera of crinoids are found over- 
lying the "Geode Bed" and are identical with those from upper 
layers at the '-Crawfordsville beds." 

One mile l>elow the Crawfordsville beds may be seen a heavy 
layer of limestone containing lai^e geodes about the size of a 
man's head, and overlying is the equivalent of the "Crawfords- 
ville beds," but diminished to a thickness of only a few feet. 
At Scott's Kagle Mills, in the northeast part of Park county, the 
writer has lately traced the Crawfordsville beds as overlying the 
Indian Creek beds. Polei^ocriniit reaches its climax in size in 
the Crawfordsville beds, while the species of Bari/crinu» resem- 
ble very closely, if not identical with, the large species found on 
Walnut Fork. 

Atloproiallocrinnt, an upper Keokuk species is also found at 
these beds. 

It will be seen by close study of the rocks on Sugar creek that 
the "Crawfordsville beds" occupy a position between the "Geode 
Bed" and the Magnesian limestone. 

Paleontology. 
In the study of the life fauna, especially the crinoidea, of the 
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Keokuk group, it is readily obBerred that this series of rocks 
forms the culminating period of a great crinoidal epoch; that its 
most ponderous forms occur at its summit, and its Ijase contains 
the transition forms between this and the Burlington group; 
there exists a gradual development from the t>aBe to the sum- 
mit. 

In 1878 ina paper on "Transition forms in Crinoids," Proceed- 
ings Academy of Natural Sciences of Philadelphia, Messrs. 
Charles Wacbamutti and Frank Springer proposed the name of 
CriuotdaJ Hmegtone for the Keokuk, and the Upper and Lower 
Burlington limestones, and clearly proved that ttiese three lime- 
stones represent three successive grades of development; Froosts' 
genus Agarieocrinut appears in the Lower Burlington with two 
arms to each ray, attains its maximum in the Upper Burlington, 
and becomes extinct at the close of the Keokuk, when it reaches 
its extravagance of form, and tias been found with four arms to 
all the rays. Roemer's genus Dorgcrinm appears in the Lower 
Burlington with a single spine on the apex of the vault, species 
small, and disappears in the closing of the Keokuk with its ex- 
traordinary feature of spines on spines, as represented by Dory- 
crinut ffoiddi. 



NEW LAMELLIBRANCHIATA. 

Plate VII. 

Br E. O, UuuoH, Newport, Ky. 

No. 4. Descriptions op one new oenus and i 



The greater part of the new forms that have been determined 
during the progress of my work on the Lower Silurian Lamelli 
branchiata of the northwest for volume in of the final reports ol 
the Geological and Natural History Survey of Minnesota, now 
going through the press, were recently published in the Ni 
teenth Annual Report of that survey. In the last few monthi 
much new material has come into my hands, among it several 
species entirely new to me, and others that were too illy repre' 
sented in the original lot for description. In the present paper, 
and in another to follow, the more interesting of these additional 
new species are described, while the treatment of a few other 
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forms, whose distinctness is not yet fully established, will be 
postponed till the appearance of the final volume. 

Clbiontchia, n. gen. 
{Cleio, I close, onyx, a claw.) 

Shell equi valve, subalate posteriorly; beaks terminal, more or 
less prominent, slightly incurved. Cardiaal line straight, rather 
long, usually forming an angle of lees than 90° with the anterior 
side. Ventral and posterior margins more or less rounded. 
Surface marked concentrically only, and sloping very gently to 
the posterior and hinge margins, and proportionately very rapidly 
on the anterior aide. The latt«r, especially in casts of the in- 
terior, Qattened or even concave. No byssal opening, the mar- 
gins closing tightly all around. Muscular impression situated in 
the poBterO'cardinal third, large, bilol>ed, the tower lobe much 
la^er than the upper. Pallial line entire, extending from the 
muscular acar to the cavity of the beak. Hinge plate edentulous, 
excavated longitudinally for a linear ligament, with the inner 
edge thickened and bifurcate at the posterior extremity. A small 
pit just beneath the l>eak. Upper part of anterior edge of shell 
thickened. 

Type: Amhoiiychia lameUom Hall. 

This genus will include beside the type and the species next 
described, Ambottycbia erecta and A. altenuata Hall, from the 
Trenton of Wisconsin, A. v>yiiUoiiies Hall, from the Chazy of 
New York, Pleriiifa vndata £mmone, and Amhoiiyckia amyg- 
(fah'na Hall, from the Trenton of that state. Further, it is highly 
probable that A. nilida and superha, described by Billings from 
Anticosti, and one or two concentrically marked Upper Silnrian 
species referred by Lindstrtim to Avihimycliia, also should be 
placed under Chionycliia, 

As now understood the new genus is distinguished from Am- 
boiiychia (1) by the absence of radiating plications or stria;, (2) 
the absence of a byssal opening in the anterior end, (3) the less 
central position of the muscular scars, and (4) by the absence of 
distinct hinge teeth. 

Cleionychia bhomboidea, n. sp. 
Plate VII, Fige. 1 tad 2. 
Shell, as seen in casts of the interior, of medium size, very 
-pblique, rhomboidal in outliue, the anterior and postenor and the 
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dorsal and Tentral margine aubparallel. Dorsal edge nearly 
straight, likewise the posterior, the two lines meeting at an angle 
of about 120". Poatero- ventral angle sharply curved, the 
ventral side gently convex and rounding almost uniformly up 
into the anterior outline. Beaks terminal, small, projecting, 
slightly above the hinge line, scarcely incurved. Umbonal ridge 
strongly convex, extending toward the poatero -ventral extremity 
in a slightly curved direction, bo that the slopes on the anterior 
and ventral sides are more abrupt than ou the opposite sides. 
Point of greatest convexity a little in front of and above the 
middle. 

Interior with the hinge plate rather wide and strong, and the 
anterior edge, for a short distance beneath the beaks, much 
thickened inwardly. Muscular scare large, situated about mid- 
way in the postero-cardina) half of the shell, the two lobes united 
by a narrow neck, the upper one oval in shape and about one- 
third as large as the more nearly circular lower one. 

The posterior extremity is more produced and more narrowly 
curved than in the other species referred to this genus. 

Formation and localily: Lower limestone of the Trenton 
formation at Minneapolis, Minnesota. A single tpecimen only. 
This was collected by Mr. J. C. Kassube, and by him douated to 
the museum of the Geological and Natural History Survey of 
Minnesota, where it is now to be found under the Mui. Reg. No. 
5526. 

CvPaiCARDtTES TEBMINALIS, U. Sp. 

Plate Til. Fig*. ^10. 
Shell of medium size, moderately ventricose, extremely oblique, 
with the beaks terminal, rather small, strongly incurved, and pro- 
jecting but little above the hinge line. Umbo full, and the whole 
surface neatly rounded. Outline obliquely acuminate-ovoid, with 
the anterior end narrowly rounded and projecting scarcely, if at 
all, beyond the beaks, from which the mai^n slopes backward 
with a gentle curve into the base; posterior end broad, uniformly 
rounded; cardinal margin straight, about three-fifths as long as 
the dit^onal length of the shell, rounding into the posterior mar- 
gin. Surface with faint wrinkles of growth and probably with 
finer concentric lines. Shell substance thin. Hinge plate rather 
narrow, with two long posterior and two or three short cardinal 
teeth in each valve. The latter are difflcult to see because of the 
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closely incaired beaks. Anterior mucalar impression, as seen ia 
casts of the int«rior, scarcely visible in a side view, being over- 
hung by the side of the umbo. Id an end view they appear like 
two narrow vertical lobes tapering upward and placed just be- 
neath the free portion of the beaks. The surface of casts is full 
and ronnded. 

If Vanuxemia Billings, is to be retained for species of this 
genua having tbe beaks subterminal, then not only the present 
but most of the associated species will have to go there. Of the 
latter C. recliroslrti Hall, which is exceedingly like V. inconstant 
Billings, is the moat abundant and perhaps the nearest to C. 
terminalii, still, the two species are widely different, that one 
having a strong and thick shell, on the inner side of which there 
i%, as in many other species of the genus, a ridge-like thickening 
that gives rise to the distinct sulcus and flattening of the beaks 
on internal caats. In C ifrminaJis on the contrary the shell is 
thin and without the internal ridge. The beaks are also more 
incurved than in (7. rectirottrig. 

Formation and locality: Lower limestone of the Trenton form- 
ation, at Minneapolis and Cannon Falls, Minnesota. Another 
specimen belonging to the Museum of the Geological Survey of 
Minnesota was found by Mr, Ohas, Schuchert in the "Lower 
Blue beds" near Beloit, Wisconsin, 

CrPEICARDITES OVIFORMIS, n. sp. 

Plate Tit, Figs. 8 sod 4. 
Shell rather above the medium size, moderately convex, the 
outline almost regularly oval, with the posterior end a little the 
widest, and a slight straightening along the cardinal margin. 
Beaks small, situated between one-fourth and one-fifth of the 
length from the anterior extremity; erect, compressed, and not 
incurved in casts of tbe interior ; in the shell projecting very little 
if at all above tbe biuge tine, Umbonal ridge indistinct, with the- 
point of greatest convexity a little above and in front of the mid- 
dle. In the casts there ia a more or less sharply defined flattened 
strip running from the beaks downward. Hinge plate wide and 
strong, with two strong poaterior lateral teeth in each valve, find 
Bometimea a third amall one above them, in the left valve. An- 
terior teeth consisting of One long tooth placed piarallel with the 
margin of the shell in front of the beaks and Ave or six small 
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nneqaal teeth runniog downward from the horizontal tooth. An- 
terior mnscular scar distinct, elongate, vertically disposed, situ- 
ated immediately beneath the cardinal teeth. Posterior scar illy 
defined. Shell substance thin except in the anterior and dorsal 
regions. 

The small vertically arranged anterior teeth, and the erect and 
strongly compressed beaks of casts of the interior, are the two 
principal peculiarities of the species. These and other equally 
obvious characters distingnish It from its perhaps nearest con- 
gener, C. ohtutifrom Ulrich. C. glabellvt Ulrich, from the 
shales, is wider in front aud differently outlined posteriorly. 

FomMtion. and locality: Two opposite valves were collected by 
Hit. Chaa. 8chucheri, at Janesville, Wisconsin, in the "Lower 
Blue limestone." These are now in the mnsenm of the Geologi- 
cal and Natural History Survey of Minnesota. 

Mua. Reg. No. 8324. 

CtPBICARDITB8(?) M0DE8TU8, n, Sp. 

Plate VII, Figs. 5-7. 

Shell small, oblique, moderat«ly ventricose, obliquely ovate in 
outline, known from casts of the interior only. In these the an- 
terior end is very small, sharply rounded, abruptly depressed be- 
neath the beaks, and almost entirely occupied by a eubcircular 
muscular scar. Beaks small, only slightly incurved, appearing 
prominent from the front but not from the back. Umbonal ridge 
scarcely distinguishable, the cardinal slope faintly concave be- 
tween it and another low ridge-like swelling that forms the 
back of the cast. Along the hinge line there is a narrow im- 
pressed area. Shell thin; binge-plate narrow; dentition undeter- 
mined. 

The generic position of this shell is doubtful, I having thoa 
far failed in my efforts to make out the dentition of the hinge. 
-From the narrowness of the hinge-plate I am satisfied that there 
cannot be more than a single posterior lateral tooth, if any. It 
is possible that the species is a JUatltrria with relations to the M. 
rugo$a, recently described by me from a lower horizon in the 
shales, in which the anterior muscular impression is bs in the 
present species deeper than usual in that genus. It is clearly, I 
think, not a ModiolojuU, and until more is learned of its hinge it 
seems best to arrange the species as above. 
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Formation and locality: Lower half of the Galena tit Oshkosh, 
Wisconaiu, and several localities in Goodbae eoanty, Minnesota. 
Collectors, Chas. Schachert, W. H. Scofield, E. 0. Ulrich. 

TeCRNOPHOBCS 8(JBAC(TTTTS, d. sp. 
Plate VII, FIgi. 18 and 14 

Shell email, rather ventricose, alated poBteriorlj, the hight and 
length respectively as two is to three. Cardinal margin nearly 
straight, anterior end nniformly rounded, ventral edge more gently 
curved, the posterior straight and sloping Inckward slightly to 
the acuminate extremity of the hinge line. 

In a cast of the interior the small l>enk is erect, projects prom- 
inently above the hinge line, and is situated about one-third of 
the entire length from the anterior extremity. Just in front of 
the beak there is a strong and deep impression, running almost 
vertically downward. On the anterior side this slit margins a 
rather large muscular scar. Extending backward from the beak 
the cast exhibits another, bat in this case very obscure linear de- 
pression. Two curved folds, the posterior one the strongest, ex- 
tend from the postero- ventral angle toward the beaks, becoming 
indistinguishable, however, about midway between the two points. 
Surface markings and hingement unknown. 

Length 11. & mm., hight 6.8 mm., convexity of one valve about 
2.2 mm. 

This species is intermediate lietween T. faberi S. A. Miller,tbe 
type of the genus and T. rxienuatti», recently described by the 
anthor from the lower part of the Trenton shales of Minnesota. 
Id the first the posterior end is shorter and produced below in8t«ad 
of above, in the second the shape is quite different and the pos- 
terior end more drawn out. A nearer congener than either of 
these, but one that is as yet undescribed, occurs at Cincinnati, Ohio. 

Formation and locnlili/. Tipper part of the limestone of the 
Trenton formation at Minneapolis, Minn. 
Museum Qeol. Nat. HlBt 8ur. Minn.; Ueg. No. U3S8. 

TGCRNOPUORUa FILISTRIATUS, R. Sp. 

Plate VII, Figs. Hand 13. 
Shell small, though large for the genus, compresBc<l, with the 
greatest convexity in the anterior half, scarcely alate posteriorly, 
the hight and length as three is to five. Beaks small, projecting 
verj' little, slightly incurved, one-third of the entire length of 
shell from the anterior extremity. Anterior end much the widest, 
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broadlj and nniformty rounded except above where the curve 
turns rather sharply into the hinge line. Ventral mai^in rounded 
in front, straight and eloping upward in the ptost^rior half to the - 
acute extremity. Posterior margin short, straight, sloping for- 
ward. Cardinal margin straight except for & slight prominence 
in the region of the beahs. Anterior half of surface marked with 
closely arranged, thread-like, concentric lines. These seem to be 
wanting in the posterior half, only a few obscure growth lines be- 
ing visible here. Posterior ridge sharp and strong, ver^' gently 
curved in its course from the beak to the produced lower angle of 
the posterior extremity of the shell. Between this ridge and a 
line drawn vertically across the shell from the beaks the surface 
is depressed, forming a widening shallow sulcus and the straight- 
ening of the ventral margin. Postero-cardinal slope concave, 
narrow, descending rather rapidly. Interior unknown; shell sub- 
stance very thin. 

Length 21 mm., hight 12.5 mm., greatest convexity (of a left 
valve) 2.5 mm. 

Although the internal characters are as yet unknown, the data 
obtained point very strongly toward Miller's Technupkoras. Com- 
pared with T. faberi Miller, the posterior end will be found to be 
longer and narrower, while there is only one posterior ridge where 
that species has two. T. extentiatiit Ulrich, another species from 
the Trenton shales of Minnesota, agrees closely in all respects ex- 
cept that it has the posterior end greatly produced. 

Formition and loealiiy: In beds regarded as equivalent to the 
"tipper Buff limestone" of the Wisconsin geologists and the 
Black River limestone of New York, six mites south of Cannon 
Falls, Minnesota. This horizon contains an interesting fauna, 
consisting chiefly of Lamellibranchiata, Gastropoda and Gepholo- 
pods. It follows layers filled with bifoliate Bryzoa and is suc- 
ceeded by soft shaly beds in which the predominant fossils are 
Phglloporina corticosa, Pratopora and numerous other Treposto- 
mata, and one of the so-called ' 'branching f ucoids. " 

TECHNOPnORQS DIVABlCATtIB, n. Hp. 

Plate VLt, Pigs. 15 and 16. 
Shell small, moderately convex, elongate, the length a little 
more than twice the hight. Beaks small, incurved, projecting 
but little above the hinge line; situated about one-third of the en- 
tire length from the anterior extremity. Dorsal margin nearly 
straight, (faintly concave on each side of the beaks) about three- 
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fourths as long aa the shell, terminating abruptly where it joins 
the concave posterior edge, with the upper part of which it forms 
ao angle little short of !(0°. Anterior end a little the widcat, 
strongly convex, especially above; below rounding neatly into the 
at first gently convex, then straight and finally concave basal line. 
Posterior ridge thin but very prominent, curving slightly in its 
course from the beak to the sharply produced postero-basal angle. 
Surface uniformly convex, and marked with flue, thread-like con- 
centric lines in the antero-basal three-fifths, Iteyond which it Brst de- 
scends into a sulcus and then ascends sharply into the ridge, drop- 
ping on the other side even more abruptly into the wing-like poa- 
tero-dorsal part, of the shell. Un each side of the posterior ridge 
there are distinct divaricating lines, twice as strong as the con- 
centric lines on the anterior part of the shell. They Join each 
other on the ridge, and, those on the lower side of the latter, the 
concentric lines at angles of about 70°. Finully, there is another 
set of such lines along the dorsal edge, running parallel with the 
set on the lower side of the ridge. Interna) characters unknown; 
shell aubatance verj' thin. 

Length 12. 5 mm. , bight at the beaks 5. 8 mm. , hight at posterior 
end of hinge 5.1 mm., greatest thickness of cIoblkI vahea 4.1 mm. 

Casts of the interior would be distinguished by having the dor- 
sal and ventral matins more nearly parallel than is the case in 
any of the other species referred to the genus. With the ahell in 
a good state of preservation the species is distinguished from all 
Silurian lamelUbrancbs by the peculiar surface ornamentation. 

FoTiiidiion, aail hcaU'iy: Near Cannon Falls, SJinnesota, in the 
"Phylloporina bed" of the Trenton shales. 

Tellinomva losoa, n. sp. 
Plate vir, Flgn. 17 and 18. 

Shellsmall, compressed, elongate, elliptical, the length equalling 
a little more than twice the greatest hight, Ueaks small, situ- 
ated about one-fourtih of the entire length from the anterior ex- 
tremity. Cardinal line, on the whole, very slightly convex, 
straight behind the beaks; anterior end short, semi -circular; 
ventral mai^in gently convex ; posterior end a little narrower than 
the anterior, and more sharply rounded. Surface with obscure 
concentric lines; sloping rapidly at the cardinal margin but 
very gently to the ends and ventral edge. Hinge plate of mod- 
erate strength, bent a tittle beneath the beak, and with a thicken- 
ing on the lower side in front of same. Posterior to the beak the 
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pUte is long, Htnight, and bears twenty or more small teeth, 
while on the anterior part only niae are to be connted. In the 
vicinity of the beak the teeth, especially those on the posterior 
side, ure very gmall. Anterior muscnlar impression deep, sit- 
uated immediately l>eneath the end of the hinge. Its posterior 
side is defined by a strong vertical thickening of the shell. Pos- 
tenor scar distinct, but less sharply impressed than the anterior, 
Bitaat«d at the end of the hinge just within the thin postero- 
cardinal border of the shell. 

Judging from the interior this shell, though more elongate, 
evidently belongs to the section of the genus of which T. ttntri- 
cosa Hall, T. angela Billinga, T. contracta Salter, and T. planodor- 
tata Ulrich, are typical members. In all of these the muscular 
scars are deep and large, excavating the shell under the en.ls of 
the hinge plate so that they are exceptionally prominent in casts 
of the interior. 

Formation and hjcalttt/: In shaly strata, equivalent to the 
Black River limestone, at a point about eight miles south of Can. 
non Falls, Minnesota. 

EXPLANATION OP PLATE VII. 

Figs. 1 and 3, Cleiontchia khomboidba, n. sp. 
Lateral and aatarior view* of a right valve. 

Figs. 3 and i, Cvphicaboites oviformib, n. sp. 
Anterior and lateral views of a cast ot the interior of a left valve, the 
posterior outline restored. 

Figs. 5-7, GrPBiCAROiTBe (?) hodkbtds, n. sp. 
6. Left side of a cast of the Interior, X 8. 
6 and 1. Left side and anterior views of same, natural size. 
Figs. 8-10, Ctpbicaroitbs tbriiii9ai,is, u. sp. 

8. A left valve from the linieatooe at Minueapolii, natural size. No. 
0,100 of (he Mus. Reg. of the Qeol. and Nat. Hist. Surv. of Hlnneeota. 

9. A right valve from a similar position at Oanuon Falls, Hinnesota. 

10. Anterior view of these two valves. 

Fige. II and 12, Tbchnophorus pilistriatus, n. sp. 
A left valve, natural size, aod the antero-baaal portion, X 8, to show 
couceatrlc lines. 

Figs. 13 and 14, Tecdnopuobds bubacutus, n. sp. 
18. Cast of a left vatve, natural size. 

14. The same, oeariy X 3.3, with the Impression of the hinge and f o- 
ternal ridge. 

Figs. IB and 16, Tbchhophobvs divakicatdb, o. sp. 
A left valve of the natural size aod x S. 

Fi^B. 17 and 18, Tellinouta lonoa, n. sp. 
Interior views, of the natural size and X 8, of a right valve. 
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THE GEOLOGIC EVOLUTION OF THE NON- 
MOUNTAINOUS TOPOGRAPHY OF THE TEXAS 
REGION. AN INTRODUCTION TO THE 
STUDY OF THE GREAT PLAINS.' 

Br Run. T. HiLt, Aostla, Tsuu. 

Baat of the Peoos river the topography of Texas is a vaet 
series of phiins and drainage valleys eroded into plains. It is 
characterized by a anb-horizontal structure of diverse terranee, 
the moat extensive of which are of Neozoic, post Paleozoic age. 

Approached from the northwest the "Staked plains" are a con- 
tinuation of the Great Plains of central United States, which 
separate the Rocky mountain front from the Mississippi valley, 
and are composed of Miocene strata. In the eastern border of the 
state the plains are a continuation of the great coastal plain of 
the Atlantic and gulf region. Each has its own topography, 
flora, fauna, and cultural conditions and, in general, a substruc- 
ture of horizontal strata void of mountain folds and corrugations. 

In the south of the state the great plains of Colorado meet and 
show their relation to the soastal plain of the Atlantic 

Across the centre of Texas from the Rocky mountains at Las 
Vegas, New Mexico, to the coast at Galveston, a profile and sec- 
tion can be constructed which will reveal in detail the history of 
deposition and degradation of the region, including two great 
periods of eruptive activity. 

Portions of this section show for long distances a monotonous 
uniformity, bnt in the fifty miles on either side of the capital is 
revealed a comprehensive view of all the formations from the 
allied Archeean and Algonkian to the present time. 

The only formations immediately bearing upon the origin of 
the plains — both coastal and great — are of Neozoic origin, which, 
as a rule, may be considered the product of alternate subsidence 
and elevation accompanied by the invasion and recedence of the 
gnlf of Mexico. 

During these time- intervals the processes of land degradation 
and coastal sedimentation together with changes of climate varied 
so as to produce the specific differences now existing in com- 
position of formations, residual soils, consequent drainage growth 
and resultant topography. Before giving the details of these 
processes of Neozoic time it may be proper to review our limited 
knowledge of the topographic features which existed at the close 

•Thii article la a coatlnuatioa of my chapters on the Geography and 
Topography of the Texan Re^on, published in this magazlae. 
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ol Paleozoic time; a period darinf; which onr coDtinentiU outlioes 
anderwent their most radical changes and, for this regioD at least, 
the evolntion of modern topography begaQ. The eastern half or 
Appalachian outline of the coatinent was approximately defined 
east of the 97th meridian. Another bnt as yet obscurely de- 
fined land or islands existed in the region of the western Cor- 
dilleras (the Rocky mountain, Great Basin and Sierra regions). 
Between these main continental areas was the region which has 
since been evolved into the Great Plains, and is supposed to have 
been a vast enclosed basin extending far southward from the 
southwest comer of Appalachia. Through the heart of Texas 
was a long narrow isthmus or peninsula of post- Paleozoic laud 
against whose western shore were laid down the vast ' 'Red beds" 
formation of Permian, Triassic, and probably early Jurassic time. 
The rock structure of this strip of land was of Carboniferous and 
earlier age; it generally dipped westward or in a direction diamet- 
rically opposite to the great series of Neozoic sediments later 
deposited, from early Cretaceous to the present, which from their 
general dip to the gulf may be termed the coastward incline. 

The Paleozoic rocks of central Texas, although continuous in 
extent, are exposed as two distinct areas separated and covered 
by a remnantal mass of Mesozoic rocks, which now occupy the 
divide of the Brazos and Colorado rivers, and once continned en- 
tirely over them. The northern area, so far as exposed, consists 
of Carboniferous -Permian rocks. In the southern or Burnet area 
erosion has cut deeper into them, exposing successively lower 
rocks down to the Atgoukian. There has been no permanent 
land area of Archean or Paleozoic rocks in this region since Meso- 
zoic time, for they were completely covered by subsequent sheets 
of deposition, and now occur in a valley of erosion surrounded 
on every side by the horizontal scarps of the Cretaceous, down 
which the drainage flows to the centre of the alleged Archeau 
land. Thus are exposed the successive older rocks^— Carbonifer- 
ous, Silurian, Upper Cambrian, —and in the lowest drainage valley 
the Algonkian is reached. If this had been a persistent land area 
it would not have been covered by Cretaceous sedimeuts, and the 
draini^e would Qow outward from it instead of downward into it. 

This north and south strip of Paleozoic rocks, which is now 
becoming exposed across Texas, is an important factor in the 
evolution of the plains topography, for it has been influential in 
partially onltining the present surface features. 
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After the close of the Carboniferous, and continuing throu)j;h 
the undetermined period of the Red Beds epoch, this Paleozoic 
tongue was a land barrier extending south and east, an undefined 
distance; it drained westward into a great interior basin, now only 
indefinitely known by the extent of the Bed Beds sedimeats 
which are in part derived from it. There is no trace of an east- 
ward flowing drainage, for the eastern projecting edges have been 
planed oS by the numerous sulMidences it has since undergone, 
and the sediments of the Red Beds epoch are not present. 

It is evident that this land barrier, which kept the marine waters 
of the gulf from the Great Plains region in Permo-Triassic time, 
was gradually degraded, and the great basin between it and the 
Rocky mountain area filled in, thus preparing tbe way for the 
free invasion of the Great Plains region by marine waters during 
the subsequent epochs of profound subsidence. 

At the beginning of Lower Cretaceous time, during the Weal- 
dan epoch, as is accurately determined by fossil plants, molluscs 
and vertebrates, a profound subsidence began, (luring which, the 
narrow strip of land was completely base-leveled, and the marine 
waters of the gulf swept west and north over the entire state of 
Texas to the Cordilleran continent and the first marine invasion 
of at least a portion of the Great Plains occurred. It was during 
this epoch that the calcareous sediments of the Comanche series 
were deposited, which now form the most conspicuous feature 
in the topography and structure of the Texas Mexican region. 
During tbe deposition of these beds, the first half of Cretaceous 
time, the oceanic waters covered all of the Texan, West Indian 
and Mexican regions, and the northwestcomerof South America. 
The shore line was around the soiitbern front of the Colorado 
group of the Rocky mountain nucleus, extending eastward along 
the base of the Ouachita gronp of southern Indian Territory 
and Arkansas to the end of tbe Appalachians, around which it 
deflected northward via Washington, coinciding with the known 
limits of the Potomac formations. 

At the close of the Comanche epoch another uplift of the con- 
tinent ensued, the ocean waters receded nearly to their present out- 
line,and the processes of land degradation were again accelerated. 

Once more the loading of the coastal plain began, and the sedi- 
ments of another great formation were laid down. This was the 
Upper Cretaceous formation or the familiar Meek and Hayden 
section. Subsidence began again while the ocean receded interior- 
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ward ; the Texan and Qreat Plains regions, with much of the present 
Rocky mountain region, were covered with 2,000 feet of sediment. 

The remnantal outcrop of this great formation is shown upon 
the maps. Its aecliments record the sequence of events as the 
Lower Cretaceous; that ia (1) basement littoral beds of sand, (2) 
deeper beds of clay, caliuiieoas in their upper portion, (3) a deepest 
stage of almost pure chalks, (4) beds shallowing towards the top. 

How much of the Comanche series was destroyed by base- 
leveiing during this epoch can only be surmised. 

At the close of the Upper Cretaceous the moat marked uplift 
of the Rocky mountaiu region took place, and the ocean's waters 
again receded nearly to their present outline. Again land degra^ 
datiou and deposition began, resulting in the third loading down 
of the coastal plain, followed by the cycle of deposition and sub- 
sidence of the Eocene epoch. - 

During the basal Eocene the central Texan region was covered; 
how far and to what extent is problematical, but another heavy 
load was added to the coastal plain. 

The great hiatus in the geologic history of the region is of 
Neo-Piiocene time, between the close of the Eocene and the 
beginning of the Appomattox. The present state of ignorance 
allows but little to be said of it. 

It is not known whether at the close of the Eocene there was 
any important event, such as the elevation or subsidence of the 
Coastal plain. We have knowledge of only the basement history 
of the marine Eocene. Ite upper contacts or gradation have 
never been studied or presented. 

It is known, however, that in Miocene or Pliocene time an- 
other shore line liad developed along the Rocky mountain front, 
into which flowed the drainage of the Rocky mountain region, 
and all the vast region between the Bocky mountains and the 
coast was once more laden with sediments, and later these plains 
were elevated into the dry land which they have since remained; 
they present a vast sheet of sediments upon much of which 
dnunage channels have not yet been established, but so degraded 
and eroded upon its eastern edge, that their former extent in that 
direction has not been determined. No portion of the geologic 
record is more obscure than that of the conditions of the coastal 
region during this Mio-FIiocene epoch. Whether the Llano 
Estacado formation, which now covers and is co-extensive with 
the Great Plains region, was laid down at marineorlacustral base 
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level is an important qaeation; \t at the (ormei there should be 
Botne recoid id the coastal fonnationa now Temaining; if at the 
latter there should be aCmctaral or topc^iapbic evidence through 
the central Texan region of a land barrier which separated the 
lacustral from the golf waters. After careful study the writer has 
so far been anable to find corroborative evidence of the lacustral 
theory while there is abundant evidence of the identity in origin 
of certain coast deposits with those of the Great Plains region. 

With the close of the unstudied Mio-Fliocene epoch history 
again becomes clear, and during late Pliocene, Pleistocene sad 
recent timea there is a remarkable continnation of sltemations of 
loading down and degradation of the coastal plain, and the initia- 
tion and life history of the present topographic forms and droin- 
i^e system. 

At the close of or during the Llano Estacado or Mio-Plioceae 
epoch occurred an event which has given a peculiar oonfiguntion 
to Bonthwestem Texas. Under the we^ht of the increasing and 
BucceBsive accumulations of coastal sediments, a great fault line 
developed extending nearly across the state from Austin to Del 
Rio, the down-throw being to the east. The scarp line thus 
evolved became the shore line fortheaabseqnent Appomattox sea; 
erosion attacked it with increased activity, but, owing to condi- 
tione of aridity, with relatively small effect. 

During the Appomattox epoch, which is located by its dis- 
coverer, Mr. McQee, in late Pliocene, the long d^^raded land of 
earlier Miocene and Pliocene t^ain subsided; but the shore line 
as delineated on the map extended across only one-third of the 
state, passing via Texarkana, Austin and San Antonio, west of 
Eagle Pass to the Rio Grrande. 

Before this epoch two river systems had been developed, and they 
remained distinct features of the landscape. The older system 
included those streams which at the culmination of the Mio- 
Pliocene subsidence were mountain streamB debouchiug near the 
present Bocky mountain front, and which under appaieutly very arid 
conditions extended their mouths seaward with the receding waters, 
across the Great Plains region; the Canadian and Pecos rivers 
are examples'of this system. Thesystem, second iu age, included 
those rivers originating in the uninterpreted interval between the 
close of the Great Plains epoch and the beginning of the Appo- 
mattox — the Colorado, Brazos, and Red belong here. 
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Daring ttie cnlmination of the Appomattox a tbirtt sad distinct 
8vst«ni of drainage was evolved along the then low lying coastal 
plain, adjacent to and interior of its shore line. This gronp of 
rivers is easily traced upon the maps and includes the San Gabriel, 
Lampassas, Leon, the Bosqnes, Palusies and Trinities. They 
are short streams not exceeding 100 miles in length, and drain 
the ancient structural or dip plun of the Grand Prairie, or Lower 
Cretaceous region. Their profile in relation to the plains which 
they drained are as shown upon the diagram, and they are rela- 
tively 500 feet higher at their heads than the adjacent and more 
deeply cut drainage of the first and second systems. The de- 
bouchement of these streams daring Appomattox time is clearly 
' marked upon the map by the great estuarian deposits, as shown 
by the river terraces especially of the Colorado where it emei^es 
from the canons of the Grand Prairie (Appomattox land) into the 
Black Prairie (Columbian coastal plain). The sea receded and 
the submei^d plain of Appomattox became dry land. The sea 
Bbore reached about one-half the distance between the present 
coast line and the ancient Appomattox shore. This was the 
Columbian epoch of Pleistocene time. Upon the new land, the 
present coast prairies, still a fourth system of coastal drainage, 
was initiated almost similar in extent and aspect to that of 
Appomattox time. The rivers of the third or Appomattox sys- 
tem were extended to the Columbian shore, while thcee of the 
second or Colorado, Brazos, pre -Appomattox type became long 
estuaries back to the Appomattox shore Hue; at the close of that 
period change in the direction of slope caused them to form a 
line of junction with some adjacent stream, either with one of 
the older streams or with one another. These streams were ac- 
celerated by the elevation at the close of the Appomattox and 
Colorado, and hare since cut deeper but proportionately less 
channels than the more voluminous streams of the older systems. 

Few of these streams have crossed by headwater erosion the 
great western scarp of the Grand Prairie; at present this portion 
of their development seems retarded for where they have crossed 
the western scarp line it has been by capture — by the laterals of 
the older streams. 

The Columbian deposition plain, the present coastal prairie, in 
turn became dry land by the recedence of the gnlf to its approx- 
imate present coast line; upon this reoeutly submerged area was 
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developed the latest and newest drainage system of the region, 
a fringe of small streams flowing directly into the gulf "of Mex- 
ico, readily traced in the present Coastal Prairie region. 

At the close of the Columbia there was another upward move- 
ment of the continent. The streams of systems 1,2,3 and 4 were 
again accelerated by an increased gradient and the prolongation 
of the coastal ends renewed. 

It may be well to review the present condition of the systems. 

Those of oldest or Miocene origin, for instance the Canadian 
and Pecos, in their yoath drained the limited Rocky mountain 
and Plateau region, attained loose level near the present front of 
the Rocky mountains, still receive their greatest drainage from 
the original receiving area and practically flow long distances 
without receiving any of the later developed drainage. In early 
Pliocene time their base level receded eastward with the shore line. 

With all the oscillations of elevations, invasions, and reced- 
ences of the sea shore, these streams have continued to carry 
their loads of mountain sediments to the sea, until to-day they 
are merely long viaducts receiving most of their supply at their 
heads and draining little of the country through which they 
pass. 

At some yet undetermined time in history the Rio Grande, 
which was a great interior basin stream, cut its way across the 
continued axis of the Rocky mountain system and joined the 
Pecos ; the writer inclines to think this was earlier than the Pleis- 
tocene and that through the water gap of the, Rio Grande the 
great lakes of the basin region had a partial outlet to the sea. 

The rivers of the second system — the Red, Brazos, Colorado — 
have since their origin in the obscure epoch l>etweeii Miocene and 
Pliocene time been at work upon the coastal plain developed 
at the close of the obscure Staked Plains or Mio-Pliocene epoch; 
their draiuage with each succeeding event has degraded larger and 
larger areas. The coastward extension of these streams follow- 
ing the receding shore lines is also shown in the medial portions 
of their courses. In Appomattox time they received none of the 
new lateral drainage which flowed down the slopes coastward and 
parallel to them. With each oscillation of h&sa level their work 
has beeo retarded or accelerated until they have stripped vast 
regions in the active headwater areas and cut far Ijelow the level 
of the newer systems through Miocene, Eocene, Upper and 



ly Google 



113 The Ameriean, Get^ogist. AngatclBW 

Lower Cretaceoas floors to the Algonkian or Archean, which the 
Goloraclo is now eroding. 

Baring tlie Appomattox the moath of the Colorado was at 
Austin; dnring Columbia it reached base level at the same place, 
but continued a long eetnarj, like the Potomac, to the eastern 
coast; in post Columbian times it took a new channel from the 
Colupibia to the present shore line; its old course is preserved as 
lakes and bayous; interior of that liiie it was twice superim- 
posed upon its old -channel. 

Let us consider the drainage in relation to its task in denuding 
the land. In general, the divides of the Texas streams are flat- 
topped plateaus representing original deposition or consequent 
degradation plains ovei which head-water ramifications of the 
streams have not completely extended. In but one portion of one 
system- does a state of completion exist, t. e. the condition in 
which the head-waters of opposing streaaiB have reached across 
the platean and etched away the original deposition level. This 
area is the nori^hem half of the central region, or the area in 
which the Paleozoic and Red Bed rocks are now exposed, to which 
in the author's earliest paper upon Texas, the name Central De- 
uudea region was applied. Since the close of the Miocene Plains 
epoch, when the waters receded from the Rocky mountain front, 
it has remained an unsubmeiged border-land, interior of Appo- 
itiattox, Columbian, and present shore lines; degradation has 
been constantly at work upon it and erosion has cut through suc- 
cessive sheets ^f the Plains formation, the remnantal Upper and 
Lower Cretaceous and, in part, the Carboniferous to the allied 
Archean. 

The Appomattox or Grand Prairie streams are approacbing 
completion; and in a few places their headwaters have out through 
the fiat-top divides between them; they are rapidly approaching 
maturity as shown by the butte and mesa type of divides. 

The streams of the Columbian epoch are adolescent, but have 
done much work in the softer deposits of the Eocene area. 

The streams of the present epoch on the emerged Columbian 
deposition plain are nascent or just beginning their life work. 

Extended portions of the older systems, i. e., those portions 
of the Rio Grande, Pecos, Red, Canadian, Brazos, and Colorado, 
whose mouths extend oceanward with the receding coastal line 
without draining the area through which they fiow, are still doing 
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their grcHtest irork in their distant soarces and merely catting 
deeper chaonelfl in the areas through which they extend. 

Let na return to the part played by the ancient Paleozoic floor 
in this chapter of ^vents. 

Extending across the heart of Texas frosi north to south as a 
low tying barrier between the gulf and the interior post-Paleozoic 
seas, it was so base leveled and degraded that when the profound 
Cretaceous subsidence began it was buried beneath thousands of 
feet of off-dhore sediments, but of a softer, and more easily de- 
graded nature than the firm granitic, hard limestone and qnartzite 
beds of the Paleozoic, which especially composed its lower parf; 
and southern end. 

In the great series of loading down the coastal plain ooastward 
of it, and the consequent oscillation of elevation and subsidence 
of the vast plains region, it was natural that this solid core of 
Paleozoic rocks had greater reeistance for the accompanying 
strains and stresses, and finally under continued loading the great 
balcones fault developed approximately along the coastal margin, 
leaving sharp projecting land adjacent to the Appomattox sea 
i^M>n which degradation was facilitated; this has partially re- 
moved its Neozoic covering, and will ultimately degrade it to base 
level. 

The topography of the Texas plains is the product of the etch- 
ing of a series of sedimentation plains of post Eocene age by a 
aeries of consequent antogenetic drainage systems. The phuns 
are the product of the oscillations of the Cordilleran continent, 
whereby .the waters of the gulf and accompanying base leveling 
swept back and forth across the Texan region. These oscilla- 
tions began with the overcoming of the central Paleozoic barrier 
at the beginning of the Comanche or Lower Cretaceous epoch, 
attuned their maximum in Upper Cretaceous time, as recorded in 
the Dakota base leveling, when the sea extended over much of the 
present Rocky mountain area. In Laramie- Eocene the oscilla- 
tion was almost as profound and far reaching. Following that 
epoch was decreasing intensity; the line of marine base level 
extended less and less inward during the invasions of Miocene, 
Pliocene, and Pleistonic time. 

Dependent upon conditions of deposition the rocks of these 
different periods are of different degrees of consolidation, and 
consequent resistance to denudation. 
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In the Neozoic series, however, tliere are but three formatioDs 
sufBciently consolidated to produce canoned or scarp topography' 
— the iron ore beds of the Eoceue, certain white rock beds of the 
Miocene or Llano Estacado, the Fayette beds, and the limestones 
of the Comanche series. 

The first two — the Eocene iron beds of east Texas and the 
Miocene beds of the Staked Plains — are thin horizontal beds of 
consolidated material underlaid by loose friable beds which rapidly 
<)isintegrate upon the removal of the cap sheet and produce mesas. 
These mesa products are not greatly developed in Kast Texas 
because of the newness of the streams, but in the Llano Estacado 
are verj- marked. 

The great chalky limestone formation of the Comanche series 
has been the chief factor of resistance to sculpture in the Texas 
region, and the efTects produee<i by erosion of its alternations of 
hard and soft beds are both beautiful and instructive. Along 
its -eastern margin wtiere it dips beneath the Upper Cretaceous its 
prevalent forms are dip plains and escarpments of stratification 
extending north and south ; many streams flow along them in the 
same directions until they cut their way through the escarpment, 
whftn they again flow eastward to the sea. In the west central 
portion of the state headwater erosion of opposing streams has 
produce^} numerous buttes and mesas, which are often a hundred 
miles from the mother area of which they were a part 

White the general coastward direction of the streams is the 
result of the prevalent slope, there are certain influential struc- 
tural features which in the aggregate produce the prevalent topo- 
graphic detail. 

First of these are joints and faults. 

The stratigraphic system of this region is broken by a system 
of complemental joints which have a major axis of west of south 
to east of north or sub-parallel to the coast line. In areas of 
unconsolidated chalks, sands, and clays, joints have no percepti- 
ble effect in deflecting streams, but where the material is consoli- 
dated streams adapt their courses to joint lines; this is shown by 
the Brazos in the Carboniferous rocks of Palo Pinto county, the 
Colorado in the l^owcr Cretaceous of Travis, and in other 
instances. 
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Id only two cases have great faults developed in the direction 
ox these joint planes. Une — the great Balconee fault from Austin 
to Del Rio — has a dowothrow to ttic east and at right angles to 
the streams; excepts slight deflection of the Colorado west of 
Austin, it has in no way alTccted the course of the streams. 

The other exceptional fault extending from Marietta, Chicka- 
saw nation to south of Texarkana has its downthrow interior- 
ward, and Red river follows its trough for many miles, and its 
direction is primarily influenced by it 

The area is too vast to give details of many of the proposi- 
tions I have set forth, or to call attention to several minor topo- 
graphic processes. There are two agencies which cannot be 
passed, however, which play a more important factor in the Texan 
region than elsewhere in the United States, and these arc wind 
and aqueous solution. Owing to aridity and lack of consolida- 
tion, the crumbling structure is readily transported by wind, dust 
and sand storms being of great frequence. In bluffs and canons, 
composed of alternating structure of consolidated and marly 
layers, the former ore undermined by wind erosion. , 

Over the vast and intensely heated limestone plateaus, solution 
plays a most important part, and there results a remarkable 
weathering of the limestones into miniature mountain ranges, and 
a corresponding deposition of that remarkable calcareous deposit 
known in Mexico as tepetate. 



NOTES ON EARTHQUAKES IN NICARAGUA, 
FEB. 6, 1892. 

J. CKAvroRD, Leon, KJcangua. 

At 10 h. 10 m., p. m., 6th February, 1892, occurred au ap- 
parently connected series of about 92 seconds total duration, of 
longitudinally oscillating, progressive, spherical; seismic waves 
[■y=a sin {Pt — nx) . , ,.] that passed northwestwardly and south- 
eastwardly in Nicaragua, parallel with, and along or near to, the 
volcanic masses which extend connecte{ily with but a few short 
interruptions, (as across the bay of Fonseca and lakes Managua 
and Nicaragua), between the volcanic groups in the states of Sal- 
TADOH and Costa Rica. 
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The facts obtained, in leferaDoe to this earthquake, to date — 
the sailing of the ve«Alf Mail S. afaip from the port of Corinto — 
5 o'clock p. m., 9th Febraary, 1892, are: 

Only one aeries of ribratioDS hae occurred. The epicentrum 
was near the island of Zapatera at the west coast of lake Nicani> 
gna, distant about 14 miles east from the Pacific ocean and about 
28 miles sonttteast from the city of Granada. 

The focus has not yet been determined, but was more than 
15,500 feet (English) beneath a plane parallel with the sub-areal 
surface of the Pacific oceaa. 

The co-seismal lines of emergence of the waves, at the earth's, 
surface, were elliptical, but converging at several places toward 
the longitudinal axis of the ellipsoid. 

The maximnm of the horizontal element of the oscillations, or 
line of greatest disturlHtnce at the earth's surface was, on the 
northwestern side of the epicentrum, in l^e Managua, about 6B 
miles distant from the point of first emergence, 30 miles west^ 
ward from the city of Manila, and about 36 miles southeast 
from the city of Le<Sn. 

The rate of transit through the earth during tiie latter or vi- 
brating part was about 29 miles per minute. 

The greatest vibration, in the city of Letiu, from a line per- 
pendicular to and at an altitude of 6(lfeetabovetheaurfacewas9° 
26' about. 

Several adobe walls of bouses in the cities of Oranada, Mana- 
gua, and Le6n were slightly crocked, or, these walla (usually 2\ 
to 3 feet (English) thick and 14 to 18 feet high) were disconnected 
from similar ones connected at right angles, \. e., those extend- 
ing north and south were slightly discooDected from those ex- 
tending east and west 

The city of Managua being nearer the coseismal line of great- 
est force expressed at the surface than the other cities named 
felt this earthquake mora severely. In the city of Le6a, the 
locality of the longest ordinates of the curvatures, or apex of 
elevation and depression, were easily discovered by finding the 
walls of houses that bad been slightly displaced or cracked by 
the waves. 

During the first 60 seconds the oscillations were aboutone each 
six aecouds — causing a sensation as if they had originated from 
the impact gainst the hard floor of some deep seated cavern of 
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large masses of bud strata; there was felt a perceptible increase 
and decrease of the oscillations; then, for about 33 peooncis were 
expenenced more rapid or vibratory movements of short, high 
waves as if two large masses of rock had (at an interval of about 
IK seconds) suddenly separated from their places and fallen to 
the hard floor of a cavern, from a hight safflcient to canse a 
slight jar, each 90 mites distant, and converting the enei^y into 
elastic, longitadinally vibrating, prc^ressive, spherical waves of 
force. 

No place has been discovered where permanent sabfildence of 
the earth's surface has resulted. 

This earthquake was not caused by volcanic forces such as the 
superior energy of high tension gases or aqueous vapors disar- 
ran^ng earth strata. 

The aqueous vapors arising from the cones of the nearly ex- 
hausted volcanoes on the line of force [Santa Clara, Momotomba, 
and Umatepa] have not- increased nor diminished in apparent 
quantity. 

No perceptible change has been observed in the amount or tin 
temperature of lai^e springs of water, issuing from flssures, near 
the base of some of the volcanic cones, on the line of force, in 
Nicaragua. 

The primary cause of this class of seismic disturbances in the 
earth's crust in this region can be discussed hereafter when all 
the phenomena referable to this series have been studied. At' 
present two theories — each with some good evidence — are pre- 
sented: Firtt, — Motion from the interior friction of "the bodily 
tides" [Prof. G. Darwin, Philo. Tninst. 1879, parts i, ii,] incident 
to the increased length of the siderial day and, prolmble, conse- 
quent elongation of the earth's polar radius and increased pres- 
sure in equatorial latitudes. Second, — Contraction from Becular 
cooling and the consequent increased tension in the narrow strip 
of land, between the tine of volcanic masses in Nicaragua and 
the Pacific ocean, acquiring aulllcient force ' to overcome the co- 
hesion and disconnect large masses of strata and precipitate them 
into adjoining caverns deeply located beneath the volcanic cones 
and masses of ejecta. This "aulBcient force" appears to have 
attained its maximum annually, or, at intervals of 10 to 14^ 
monttis during the past four years, aa observed by the writer, in 
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this part of Nicaragua, a short series of earthquakes having oc- 
curred annually. 

There has been a subsidence, occasioning plications or foldings 
of the strata, in western Nicaragua, between the Pacific ocean 
and the line of volcanic cones, (a strip of land 27 to 33 miles 
wide,) whether paroxysmal and expressed in earthquakes or con- 
tinuous — has not yet been determined. This subsidence is now 
in progress, and its phenomena are being studied bj' the under- 
signed. J. Ceawford, 

Leon, Nicaragua, 9lh FehrHari/, 1892. 

PO9TS0R(PTiiJi. Since mailing on 0th instant, "Nolea on Earthquake 
pheDomenB in Nicaragua" on 8th instant, I learn, bj telegraph, se fol- 
lows, in reference to the approximate length and width of the ellipsoid 
and the liue of greatest diEturbanceat the earth's surface; 

(a) The Beiamical force followed the volcanic belt Houtheastwardly 
into Costa Rica, and more severely south than north of the epicentrum, 
asifsccummulatitigdiBturbing forces as It traversed the sub-ternuieaD 
parts of the group of active and of "hot" volcanoes in that country. 

(b) The line of greatest dlsturhance curved irregularly in its southern 
course^flrat south westwardly, between the city ot Rivas and the Port of 
San Juan del Sur. in Nicaragua, thencu south east warily near the Pue- 
blo of Philadelphia in northern Costa Rica and along the line of vol- 
canic masses to uearthe city of San Joai? (quite severe), thence, (so far BB 
I have Inforraatioa to date) south east ward ly into the Caribbean sea. 

(c) The length of the disturbance of this series of seismic waves has 
beeu traced for over 500 miles aad the average width of their disturb- 
ance about 100 miles. 

(d) Electro- magnetic phenomena, to be described hereafter, were quite 
prominent. 

(e) The retardation of the waves in— and their greater disturbance ot— 
some kinds of strata can be traced at several places, also, have been noted 
a few places where they were reBected from the strata and two or three 
places where, apparently, there was Interference of waves and accum- 
ulation therefrom offeree. 

(f) The fociiB was evidently a fIsEUre, extending south east wardlj 
from lela Zapatcra in lake Nicaragua, for about 2S leagues into Costa 
Rica. J. Crawford. 

Febrvnry U, ISHS. 
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REVIEW OF EECENT GEOLOGICAL 
LITEEATUEE. 

The Earth nnd Itt Inhabitanti. Bv Bliseb ItECI.ua. Vol. il, Mexico, 
Central America and Weat ladleB. New York, D. AppletOD & Co. 
1801. Hvo, S04 pp, 227 illuBtratlotia, 40 plates aad maps. ThU la a geo- 
graphical deBcription of Mexicu, British Hooduran, Ceatral America, 
Paoama, Gulf of Mexico and Caribeaa Sea, Cuba, Jamaica, San Dom- 
lago aad Hayti, Pueato Kuo, Virgin Islands, The Bahamas, Bennudaa 
and the LesBer AnlilleB. A BtBtlstlcal appendix of population and areas 
ia also given. For the drat time we hare collected !□ a single volume a 
clear aud concise etatement ol the geographic and economic cooditloDB 
of the southern half of North America. Tlie work is a maiit rly trea- 
tise from the pen of a BCientillc authority, and presents more solid in- 
formation concerning the orography, hypaometry, drainage, climate, 
floras, inhabitants, productivity and natural phenomena of the regions 
, treated, than has hitherto bean ot;tainable. The chapters ou Mexico can 
be recommended as the most important reading to one who has a desire 
to become acquainted with that ciuntry. 

"lioagurjo de unii Carta Oevt/igiai de la Bepiibliea Mtxieana" compiled 
by a special commiaaloD, for the {secretary of Public Worlie, under the 
direction of fROFBSsoR Aijtoniodel Castillo, Director of tlie National 
School of Engineers. 

Thla map is a grand contribution to North American Geology, and a 
oredit to the fellow scientists of our sister republic. It ia handauu,ely 
printed on heavy plate paper, upon the scale of ggg'ggg, and is ao har- 
monloua in color and void of irrelevant detail that its stor)- is told with 
a ptaioaess that is siirprialog, for here we have spread before our eyes 
the general features of iiexico, which every student of American areal 
geology has long desired to know. Three colors stand out in conapicu- 
ous botdneaa— yellow, green, and red— Quaternary, Cretaceous and 
eruptive, and these are the chief chapters of Mexican Geology— (1) A 
aediroentary floor of baaal Cretaceous (Comanche) rocka— the continua- 
tion of our Texan featiiree, but broken into mountain bloirks and plat- 
eaux; (3) Qreat sheets of (Quaternary sediments— the baain structure 
of Utah and Arizona, and the whole more or leiis covered by eruptive 
Btieeta. The Cretaceous ia to Mexico what the Cambra -Silurian ia to the 
United States- Ita fundamental sedimentary rocka, aud this map (^ hows 
the youthfulneas of th^t region compared to ours, and the apparent mi- 
gration southward of conditions, i. e., the present basins, active vol- 
canoes of southern Mexico aimllar to those of late Quaternary t.me In 
the southwest United States. The utter abaeuce of paleozoic rocks Is 
indeed moat important food for reliectiou. 

The critic might find isauae for complaint In the absence of hypsome- 
tric data, but we must confess that in ouropinion the chief virtue of the 
map is the omission of every possible line that would detract from its 
el m pi i city. 
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B»rtTage*itr OeologU unA PaUoaiologU der B^ubUM Mexieo; ron Db. 
J. Peus und Dr. H. Lkmkb, (of Lelpalg). Pan i, Leiprig 18M). Part 
m, Stutt jftrt 18B1, 4to, wltb uumeroaa pUtes utd nups. 

This w»k 1b ttke most Important coDtributloa to the {ceology of Mex- 
ico fet published, and b7 Its excellent character and BClentlflc composl- 
l)<m Immediately assureB the reader of the ability and iDtelligence of 
Its authors. Space forbldB, however, the enamnratlon of all the valua- 
ble coateats, which shed so much light upon North American geology. 

Part I, after a preface explanatory of the lack of previous knowledge 
of Mexico, and an introductory sketch of its salient features. Is devoted 
to the "volcanic chain of central Mexico, including descriptions of 
Tuxtla, Popocatapeti, AJIbco, Nevada de Toiuca, Joruila, the peak of 
Tancltaro, Colima, Orizaba, Cofre de Perote, Halinche, Iztarcihuati, San 
Andreas Ceboruco and Teple. It Is impossible to enumerate here the 
numerous and Important reaulta given, but every line Is a much desired 
contribution to knowledge, especially that concerning the glaciers of 
Popocatapeti. 

Part II is devoted to the valley of Mexico, and of itself Is one of the 
most Important contributions to the late Tertiary Geology of this conti- 
nent. Several pages are devoted to a careful topographic sketch full of 
important data. Chapter % describes the remarkable PlelHtocene de- 
poeits, showing a striking resemblance to the features of our own lake 
Bonneville as described by Gilbert The earlier discoveries of a 
Pliocene vertebrate fauna by Cope are supplemented by new data. This 
fauna, consisting of Equua, Blephas, Mastodon Glyptodon, Bison, etc., is 
similar to that of the Fayette beds of Texas and the Equus beds of the 
great Itaain region. 

The eruptive rocks of the valley were studied by Zlrkel, and consist 
of amphlbole andesites, hyperethene andesltes of many kinds, and 
basalts. Finally a full table of altitudes Is given. 

Part II contains two papers, the Bret by Drs. Felix and Lenke on the 
Geology of the State of Puebla, and the second by Dr. Felix on the Fos- 
sils of the Jurassic and Cretaceous formations of Mexico. In the part 
on Puebla the general geology is shown to consbt of Cretaceoas and 
Jurassic limestones, and the Pliocene Equus beds. Full notes are given 
on the fossil vertebrates of the latter formation. The Cretaceous is 
shown to consist of an upper horizon of limestones with Hippurites 
and Monopleura, which we t>eileve analogous to the Monopleuia and 
Caprina beds of the Glen Rose limestones of the Comanche series In 
Texas, while the lower division is very analogous to the Trinity forma- 
tion of the same region. The remarkable superflclai formation known 
In Mexico as tepetate is described— an incrustation of carlranate of lime 
deposited over the valiej^ \-j the streams from the limestone mountains. 

The second part of Part ii contains accurate descriptions and beauti- 
ful plates of the Neocomlan and Jurassic fossils of Puebla. If any one 
still doulits the existence of the marine Jura In North America an ex- 
amination of these plates should convince him of his error. 
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The QeoioQg and PaieonMogt of "^ Crela^tmi DepotiU iif Mexico. By 
Ahoeixi Hxilprin. (Proc. Phi. Ac&d Nat. 8c). 18Q0,exti«a, 18S1.) 

It U unfortunste while m much of tbIus hu be«ii rMantiy pubUBh«d 
coocernlDg Mexico, that in Amerfcui should contribute such a ihbu of 
error u 1b contaioed ia this brief paper. Prof. Hallprio from a brief 
visit to Bouthem Heiicn, coocludes that the great Neocomiau and Juras- 
sic fonnatloDS so ably proven bj Felix and Lenke are Upper Cretaceous, 
because they contain a hlppurlte fauna; as doe* the Upper Ctetaceotu 
of Europe. Although not much nearer Tezis while in the Qitj of 
Mexico than he was in Philadelphia, be devotes most of this paper to 
stating that assignment of the Comanche Series to the Lower Cre- 
taceous by Prof. Hill Is wrong, and that that great formation with its 
Neocomlan fossils, Ite Wealdan reptiles and plants, Its 4,000 feet of sedi- 
ments strati graphically below the Dakota sandstone of the Upper Cre- 
taceous, all belongs to the latter formation. We can only refer Prof. 
Heilprin to the locfcs, the foMl Is— plants, vertebrntes and moUusca,— the 
wrlUnga of Marcoo, Boemer, Hill and White, to assure him of the error 
of bis conclusloua. 

CorrOaHon Papvr^-Crelaeeoyi. By C. A. Whitb, (Bulletin U. 8. 
Qeologlcal Surrey, Washington, 1891.) In this valuable compilation, 
many Instructive pages are devoted lo northern Mexico, especially con- 
cerning the development of the Comanche and Upper Cretaceous on the 
Rio Qraude near Presudo del Norte, where the former rests on the Cta- 
bonlferoue — Che only place in Mexico, so far as known, where the Car- 
boniferous floor has been exposed. loterestlng data are also given con- 
cerning the occurrence of the Laramie on the coastal slope near Lam- 
pazoe. A valuable bibliography of publications on Mexican paleontol- 
ogy Is given, to which we may now add "Preliminary Notes on the Topo- 
graphy and Geology of Northern Mexico," etc. By Robt. T, Hill, 
Ahbricah Obolooibt, September, 1891. 

qglcinl Map* of the BepiMie of Mezieo, published by the Mlniater de 
Fomento. Thirty beautiful sheets of the Republic of Mexico illustrat- 
lug the distribution of population, altitude, agriculture, solla, geology, 
nmroads and mines, printed la a most artistic style, are a revelation to 
OS of what our friends beyond the Rio Grande are doing for science. 

In addition to these general maps there are several elepiQl contour 
maps of limited areas glvld|[ the topography of the vicinity of Mexico, 
the volcanic peaka of Popocatapeti and Ixahuapetl. These contour 
maps in artistic appearance are only slightly Inferior to those issued by 
the leading surveys of Europe and America. 

Part I, treating the political geography, describes the boundaries of 
the state, and gives an extensive table showing all the cantons, depart- 
ments, municipalities and voting places, togeiher wtth minute descrip- 
tions of the metes and bounds of the canton. A table is also given 
showing the population for the year 1880, and births and deaths. The 
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total population of thlB atnall Btate was 1,159,341, and the births exceed 
the death a by 7,257, sbowiag the native civilization to bo on the in- 
crease. The catalogue of settlements. is quite extensive, and shows the 
existence of one capital (Guadalajara), IT cities, SO villages, 188 pueblos, 
70 congregations, 3H7 haciendas, and 8,847 ranches 

The chapters relating to geography, geology and botany are of chief 
interest however. The grand volcano of Coluna ia described together 
vlth the other majestic pealts of this region. The valleys, canons and 
barancas, the basin plains, and every topographic feature are set forth 

The tables of altltudeai^ so com pre hen a ive that a contour map could 
be easily constructed from the data given. 

The third part, relating to geology, is of special interest. An excel- 
lent map is published. The oldest sedimentary rocliB found are Cre- 
taceous, while eruptive and other igneous rocks predominate. The Ter- 
tiary history of the basins is of chief interest, showing as they do that 
most of the so-called Plateau region of Mexico Is but the southern de- 
velopment of our own great basin region, with all of Its wonderful his- 
tory of climatic changes and lacustral deposition. 

Part vr Is devoted to the Hora, especially its relation to altitude. A, 
lengthy table gives the scientific and 'popular names of all the plants, 
their economic uses, and the geological formations which they inhsbiL 
This part aione is one of the moat intelligible contributions to plant 
distribution ever published on this continent. 

On the Clinton Iron Ore. C. U. Smyth, Jr. (Am. Jour. 8ci., xliii, 
1893, pp. 487-49B) Perhaps mure Illustrallva facts, and more arguments 
to show the derivative origin of certain hematites from a change of lime- 
Stone, have been drawn from the Clinton ore than from those of any 
other horizon. There seems to have been a widespread acceplauce of 
that theory, at least for those ores,' and the theory has been applied, per- 
haps without due circumspection to other formations. Pseudomorpboua 
replacement of some carbonate, generally a limestone, but sometimes aa 
iron carbonate, has been applied widely to explain the iron ores of the 
lake Superior region. More lately original oceanic deposition from 
chemical solution has lieeu put forward for some of the lake Superior 
ores, on the ground that there is not sufficient evidence of the sobstitu- 
tion theory. Now Mr. Smyth proposes to remove from the substitution 
hypothesis its original cause and iiey, aud to place the Clinton hema- 
tites in the category of original chemical deposits of date coeval with 
the enclosing strata. 

This result lie bases on a careful and lengthy study of this ore at the 
typical locality, Clinton, N. Y., and In detail the steps of the proof are 
somewhat as follows: 

1. The ore is not embraced in limestone, but In shales and sandstones, 
the latter so coarse sometimes as to be conglomerate. 

2. The i>eds are nearly or quite horizontal, and not so placed aa to 
allow easy and rapid access of ferriferous waters. 
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8. Tbe ore is oolitic, aod thR oolyte baS ft cODCretlonarj structure, 
einbrsciog in «ach leDticuIe, a rounded grain of quartz. 

4. The concentric layers of the lenlicuies consist of altematiODB of 
silica and hematite, which becomes evident on the removal of the latter 
by hydrochloric acid. The silica is Bometimee amorphous, and some- 
times appears, under the microscope, to be chalcedony. 

5. This structure pervades the Clinton ore from Dodge couQty, Wis., 
from Kochcster and Untario, N.T., from Tennessee, Georgia and Ala- 
bama; and eveo when the ore consists largely of the forms of Bryozoa 
sucb forms are permeated and coated witti layers of ore, associated with 
silica, showing an intimate relation [n the origination of the silica and 
the ore. 

6. The shoal waters indicaled by the character of the associated 
rocks at Clinton, were favorable (or the formation of iron ore by aedi- 
mentation. 

7. If these lentlcules were originally of calcite they must have been al- 
tered from the exterior inwardly, but In no case has there been found 
any remaining trace of such calclte. 

8. The strata are still horizontal, and percolating waters could not so . 
Dniformly reach and change a llmeetone layer, and especially to the 
neglect of other limestones overlying, situated even more favorably, for 
such change. 

9. There seems to be a false chemical assumption lo presuming that 
meteoric waters already surcharged with lime carbonate will also carry 
along iron salts and receive more lime in exchange for the iron at a cer- 
tain definite Btratigrapbic level. 

10. The lowest layer of iron ore Is separated from that above it by a 
calcareous bed of shale. The substitution hypothesis requires that 
meteoric waters shoold pass through this shale leaving its 5 p. c. of lime 
unaSected and depositing no iron, but should abstracl all of the lime in 
the lower layer where the ore is found — which seems to be gratuitous 
play of imagination. 

11. The bottom tier contains a lean ore, but its leanness is not due to 
an eicess of remaining lime, but to a greater deposit of concretionary 
and fragmental silica. "It is In fact a ferruginous sandstone." 

12. Instead of a removal of calcite by percolating waters the process 
has been the reverse and calcite is found to embrace the iron spherules 
■ome of which have been partially brolten and exfoliated prior to such 
calcareous deposition. 

18. Wherever the spherules are found in patches and irregular 
groups throughout the rock, though not constituting a good ore, they 
are as completely formed of iron and silica at when they constitute ore. 
If they resulted from replacement they yrould naturtliy be only partially 
changed. 

14. Oolitic Iron ores are being formed at the present day In conditions 
eimllsr to those supposed for the Clinton shores and estuaries; such 
only need dehydration, which goes on at ordinary temperatures, to re- 
semble closely the Clinton ores. 
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The fongoing fkcts aod coneidenitloai have led Hr. Smjth to the con' 
elusion that the oolitic ores at Clinton ue not of iocondaiy origin but 
were depodted as hydnted peroxide at iron in lutlm&te connectlou with 
cotempotory depoeitlon at amorphoue and chalcedonlc silica. 

"rA« Orthoeeratida of the Trenton Limeetone of the Winnipeg Barin." 
By J. F. Whitxatkb. (Transactioos of the Boyal Society of Canada, 
Vol. II, Sectloti 4, pp. 77-90. Plates v-xi, both Inclusive. 1891— ffi«- 
trilmUd in 189S.) 

This Is one of the most Important contrlbuUons to the history of the 
Cephalopoda of the Ordovlcion rocks which bos appeared for a long 
time. The paper consists, as the author Indicates, "of a critical and sys- 
tematic list. of the Orthoeeratida at present In the Museum of the Geo- 
logical Survey of Canada from the formation and region indicated In its 
title, with descriptions of such species as appear to be nen." In it Mr. 
Whiteavee cooslders the genera Aetinoeeroit and Sactoierai as distinct 
from Onhoeerai and Pntfrioeerai from Oomphoewa*. 

The fallowing table shows at a glance the species, author and refer- 
ences of each form In the paper In question. 






i. " e 
1. Orthooeru i 



i.rfg. I, p 



WhlteaTei!. 

Wbltmveg. 

M. Bp. 



" vin, 0^. B dbis. p. 81 

" viiT, Heb. i, lia, ni, p. : 

;; vm, flgi. M^ Jb, p. 8*. 

" IX, Sn. 1, 2 and B(U p. 83. 

" X, flg. 2. p. M. 

" n, !!(•*. a, 5^ p. BB. 

" X, Aeb. iB-c, p. U. 

" II, &a. i«-i>, p. Be. 

Not ngiired, p. B7, 

" XI, if. a ud s, p. m. 

'■ XI, llgs. 4 SDd -Is, p. B7. 



bipibri, 
aluinieCteiiM, 

\i. (ioa^ma* lambll, 
■ 11. Poterlocem noblle, 

14. " tpertam, 

15. " gncUe, 

The specimens from which the above species are enumerated were 
collected for the most psrt by officers of the Oeological Survey of Can- 
ada during their eiplorations and surveys In Manitoba and Keewatln: 
MesBrs. Dr. Bell, Dr. Selwyn, Weston, Tyrrell, Dowllng, Lambe, and also ' 
by HeBsrs. Donald, Qunn and McChsrles from the same district. They 
form a valuable addition to tbe National Museum of Canada at Ottawa. 

The Oeological and Natural Hitlory Sumey of Minaetola, Jfijieteenth an- 
nual report, for 1890. N. H. Winchell, State Geologist 265 pages; 
with two plates, and 86 figures lu the text. The first part of this report 
contains a translation of the treatise by Dr. Emannel Boricky, ''The Ele- 
ments of a new Method of Cbem I CO microscopic Aualysis of Bocks and 
Minerals," 77 pages, with 40 figures of thin sections arranged on two 
plates. This work will be used la the study of the crystalline rocks of 
Minnesota, and will be welcomed by many petrographlc students. 
Another translation presents a paper by the Qerman geologist. Dr. J. H. 
£loofl, who made extensive obserystions in Minnesota before the begln- 
■Ing of the present survey. 
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The timber reBouRca of MlnDesotA are diacuBeed by Mr. U. B. Ajres, 
agent of the Forestry Divlsloa, U. S. DspftrtmeDt of Agriculture. 
Though the average number of idsd employed in the Btatt- Ib preparing 
forest products for market reachea about 17,000, and the value of the au- 
Diml product about $81,630,000, It la confldeotly afflmied Ibat thU iodui- 
Uy and its supply need not soon decline, It the forest lands should 
receive legislative attention and proper care, as in gome Suropeau coun- 
tries. 

Other dlvialOQS of this report comprise a valuable catalogue of the 
meteorites In the State University coilectioD, with refensuces to litera- 
ture d-scriblng tbem; notes oq the petrography and geology of the 
Akeley lake region. In northeastern Hinnesota, by W. S. Bayley; and 
descclptlona of new Lower Silurian lame Hi branch lata, chleHy from 
MiDDesota rocka, 1^ B. 0. Ulricb, who describes and flgureg twenty- 
seven new species, referred to the genera TtUinomga, Teehnopiuynit, 
OUidophorut, ModioloptU, Orthodetma, CyprieaTditet, Matheria, Itehgro- 
donta, Wlutelia, Caneamya, and a new genus named Ftethoeardia. 

TKe principal MiuUtippian. itetioa. By Gbakles R. Keyes. Bulletin, 
G. S. A., vol. ill, pp. 28S-S00, with one plate; June 8, 1893. The term 
Hississipplan Is used, la accordance with the suggeettone of Profs. 
Alexander Wlnche 11 and H. 8, Williams, as a substitute for "Lower Car- 
booiferoua;" and the section here described in conslderabla detail, with 
careful correlations of the strata exposed at many localities, is seen in 
the blufla of the Hlsaiaalppl river from Burlington, Iowa, to Cape 
Olrardean, Miasouri. The whole Miaalaalppl an serieB,a8theTeobBerved,ts 
divided into four groups, named In ascending order the Einderhook, 
Usage, St. Louis, and Easksshia groups, which in turn comprise 
together fourteen recognized formations. 
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TheSchoolof Mines Quarterly, Vol. XIII, No. 1, Nov.l891,coatBina: 
The Pilling of Mineral VelnB, by J. F. Kemp. 

The National Geographic Magazine, Vol. IV, contains: Studies of 
Muir Glacier, Alaska, by H. F. Keid. 

The Canadian Hecord of Science, Vol. V, No. 1, contains: Additional 
Notes on Devonian Plants from Scotland, by D. P. Penhallow; On the 
Cherts and Dolomites of the Rocks of Thunder Bay, Lake Superior, by 
E. D. Ingall; Vol. V, No. 3, contains: Descriptions of some new Species 
of Foaalla from the Cambro-Silurian Kocks of Quebec, by H. M. Ami; 
The Phyaicai Features of the Environs of Kingaton, Ont, and their Hist- 
ory, by A. T. Drummood; Some Laurentian Rocks of the Thousand 
Iriands, by Dr. A. P. Coleman; The Nickel Depoaits of Scandinavia, by 
J. H. L. Vogt. 



D,oilizB<:hyGOO<^IC 



126 Thi American Geologist. Angii«,i8« 

//. Proeeedingt of Srienlific Soeielie*. 

Tnue. Wis. Acad. Scl.Arts&ad Lttt«rs, Vol. vin, 1888-1801, conUins: 
Some AddltlODftl EvidenceB bearing od tlie Interval Between the Qlsci&l 
Epochs, T. C. Chimberlin; On flome Metamorpbosed ErupUves in the 
CryetalllDe Rocke of Marrlaod, Wm. H. Hobbs; Notes on a llUIe known 
Region of Northweatern Montana, Q. E. Culver; On a new Occurrence 
of Olivine Diabase in Minnehaha County, South Dakota, G. E. Culver 
and Wm. H. Hobbs; Ori^n of the Iron Ores of the Lake Superior Re- 
gion, C. R. Van Hise; On the Correlation of Moraines with Raised 
Beaches of Lake Erie, Frank Leverett. 

Proc. AcAd. Nat. Scl. Phil. (.Jan. to Har.) Remarks on the Quantity, 
Rate of Consumption, and Probable Duration of North American Coal, 
and the conseiiuences to air-breathing animals of its entire combus- 
don. Isaac J. Wistar: The development of the shell Id the coiled Stage 
of Baculltes compresaus Saj, Amos P. Brown. 

///. Papers in Stientific Jvurnal*. 

Ottawa Naturalist, Jfay. On Natural Phosphates. J.L.Willis. Jvne. 
On the Sequence of Strata forming the Quebec group of Logan, with 
remarks on the fossil remains found therein. H. H. Ami. (Abstract.) 

School of Mines Quarterly, April. Topograplilcai Survey of New 
Vork State, W. P. Trowbridge; Analysis of Chromite, Walter and 
Vulte; Fossil Forests of the Yellowstone, W. H. Weed. 

Nat. Geog. Mag., Vol. iv, contains: Studies of Mulr Glacier, Alaska, 
Harry Fielding Reid; Tne Mother Maps of the United States, Henry 
Gannett; An Expedition throu>;h the Yukon District, C. Willard Hayes, 
fto page 183). 

Geo). Hag. jli)r^'. The Upper Trias of St. Casslsn, Tyrol.' Miss M. 
M. Ogilvie; On a new form of Discioocaris f^om Bohemia, Ottaraar 
Novak; A new British phonoii'e, F. H. Hatch; Drift Coal In sandstone, 
O. W. Bulman; On the ash slates of the lake district, W. M. Hutchings; 
The age of the Himalayas, W. T. Bianford; Replies to various criticisms, 
.1. F. Blake. 

May No. On a Neuropterous insect from the Lower Lias, H. Wood- 
ward; The lamprophyres of the north of England, Alfred Harker; How 
to take impressions of fossils, J. G. Goodchlld; On the origin of eartb- 
iiuake sounds, C. Davison; On the ash slates of the lake district, W. H. 
Hutchings. 

Jiiae N", On the Devonian rocks of south Devon, A. It. Hunt; Per- 
mian in Devonshire, W. A. E. U«3her; The mammoth and the glacial 
drift, H. H. Howorth; On Ammonites jiireusis, B. S. Buckman; The re- 
vised theory of glaeialion, G. W. Bulman. 

Am. Jour. Sci., Ffbnuirg !fo. Bear River formation, a series of strata 
hitherto known as Bear River Laramie, (,'. A. White: SCratigraphic posi- 
tion of the Bear River formation, T. W. Stanton; Iron ores of the Mar- 
cfuette diBtrict of Michigan, C. It, Van Hise; Illustration of the Hexibil- 
ity of limestone, A. Winslow; Central Massachusetts moraine, R. S. 
Tarr; Proofs that the Holyoke and DeerHeid Trap-sheets are contem- 
poraneous flows, and not later intrusions, B. K. Emerson. 
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Matfh No. Ht. St. Ellas and lu glaciers, I. C. Ruasell; HudsoD Itlt'ec 
liord, A. M. £dwardKi Cootributlons to minenilog;, No. 03, P. A. Qentb; 
Tscbermak'a theory of the chlorite group and Its atteroatlve, F. W. 
Clarke; Recent foaslla near Boston, W. Upham; The hljEhest old shore 
line oo Hmckioac Island, B. P. Taylor; Observations apoD tbe structural 
relaUons of the upper Huroniaa, lover Hnroiilaii mod basement com- 
plex on the north shore of lake Huron, R Piimpelly and C. R Van Else; 
Preliminary report on observations at the deep well at Wheeling, West 
Virginia, W. Hallock; Mount Bob, Mount Ida or Bnake Hill, T. W. Har- 
ris; Discover}- of Cretaceous Mammalia, U. C. Harsh. ' 

April No. Melllite-beariu); rock (Alonite) from St. Anne de Bellevue 
near Montreal, Canada, P. D. AdaniB: Asure-blue pyroxentc rock from 
tbe Middle Gila, New Menico, O. P. Merrill and R. L. Packard; Correla- 
tion of moraines with raised beaclies of lake Erie, F. Leverett; Plicated 
cleavage- foliation, T. N. Dale; Geological age of the Saganaga syenite, 
A. R C. Selwf n; Third occurreiict> of perldolyta in central New York, 
0. U. Smyth, Jr.; Fulgurite from Waterville, Maine, W. S. Btyley; 
Mineraiogical notes on brookite. octabedrlte, <iuart7 and ruby, 6. P. 
Kunz; Recent polydactyle horses, U. C. Marsh. 

Miiy No. Experiments upon the constitution of certain micas and 
chlorites, P. W. Clarke and E. A. Scheider; The age and orlnin of the 
Lafayette formation, E. W. Hilgard; Plattnerite and lu occurrence near 
Mullan, Idaho, W. B. Yestes, with cryatallographic notes by E. F. Ayres; 
U pp^r Silurian strata near Penobscot bay, Maine, W. W. Dodge and 0. 
E. Beecher; A meteorite from Pennsylvania, W. G. Owens; Two mete- 
oric irons, O. F. Kunz and E. Welnachenk; A new order of extinct 
Eocene mammals {Maodiii-tshi), O. C. Marsh; Notice of new reptiles 
from the Laramie formation, O. C. Marsh. 

J«ju No. 6ub-diviBion» in Archean history, J. D. Dana; Clinton Iron 
ore,C.H. Smyth, Jr.; Josepbinlte, a new nlckle-iron, W. H. Melville; 
Fibrous Intergrowth of augite and plagioclase, resembling a reaction 
rim, lu a Minnesota gabbro, W. B. Bayley; Notes on Trlaselc Dlnoaauria, 
O. C. Marsh. 

Julu No. PolyiMsite and tennantite from the Mollie Gibson mine in 
Aspen, Col., S. L, Penfleld and S. K. Pearce; Post-Laramie deposits of 
Colorado, W. Cross; Fossils in the Archean rocks of central Piedmont, 
Va. N. H. Darton; Notes on the Cambrian rocks of Virginia and the 
southern Appalachians, C. D. Walcott; Synthesis of the minerals cro- 
coltesnd phrenicochroite, C. Liideking: A hint with respect to the origin 
of terraces in glaciated regions, R. S. Tarr; Occurrence of a quartz 
boulder in the Sharon coal of northeastern Ohio. E. Orton. 

TV. K.ri-frpti <ind I mUtidual Publications. 
Gordon's Specimen Record. C. H. Gordon, Evanston, III, 
'Clays of the Hudson lliver Valley. H. Riea. Trans. N. Y.Acad. 

Sci., Vol. xr, p 33, 1891. 
The Geological Map of the United States and tbe L'nited States Oeo- 

logical Survey. Jules Marcou, Cambridge, 4to, 66 pp., 1892. 
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A Review of Artesian Horizons, in soutliero New Jenay. Lewis 
Woolmaa. From the An. Rep., Sute Oeologlst. 18BI. 

A Study in Geology. E. C. Quere&u, [a general description of tbe 
Alps.] Prom the report for 1891 of theDept.of Nat. Hist. NoHltWMt«ra 
Unlvervlty, BvanstoD. 

On a New Variety of Gayluwite from San Bernardino CounQ>. Henry 
a. Hanks. From Mining and Sclentiac Press, Mar. 26, 18D2. 

Note on Leptopiastus. G. F. Matthew. Can. Rec. of IJcl., Dec, 1891. 

List of Fosells Found in the Cambrian Rocks in, or near, St. Jofai, N. 
B, G. F. Matthew. Bui. Nat. Hist. Boc. No. k. 

Rules of Nomenclature Adopted by the International Zoological Con- 
gress, Paris, 18SB. TranBUtad by Horltz Fischer. Am. N«t., Hay, 18VS. 

Tbe Paleontology of the Cretaceous Formstion on Staten Island. 
Arthur Halllcli. Trans. N. Y. Acad. Sci., Vol. ix. No. 5, 1892. 

Albirupean Studies. P. R. Uhler, Maryland Acad. Scl., 1892, pp. 185- 
800. 

On the Ore Deposite of Newman Hil), near lUeo, Colorado. Jotm B. 
Fsrlsh. ProcCol. Scl. Boc., Apr. 4, 1892. 

Tbe Terminal Moraine of the Continental Ice-sheet, and the Ice-age. 
Fr»nk W. Very, Acad. Bel. Art, Pittsburgh, Oct., 1891. 

Suggestions for the Preparation of Manuscript and lUustrations for 
Publlcntion by the U. 8. Geological Survey. W. A. CcoSut. 

Elteollte syenite near Beemercille, Sussex county, N, J. J. P. Kemp. 
Tmns. N. Y. Acad. Sci., Vol. ix, p. 60, 1892. 

IlluBtrailons of the Fauna of the St John Group, No. vi. G. F. Mat- 
thew. Trans. Roy. Soc. Canada. 4to, 83 pp., 3 plates, 1891. 

Three Deep Wells in Manitoba, J. B. Tyrrell. Trans. Roy. Soc. Can- 
ada, 4to, 14 pp., 18»1. 

Y. Woreign Publicatwiu. 

Mineralogy, F. H. Hatch, small ISmo., 128 pp. London, Whittaker 
*Co. 

A typical section, taken in detail. Of tbe "Main coal" of tbe Holra, or 
western dlvlsiou of the Leicesterahire and South Derbyshire coalBeld, 
W. 8. Gresiey, TranB. Man. Geol. Soc., Part xvii, Vol. rati. 

On the Glacial period, and the earth movement hypothesis, James 
Geikle. Read before tbe Victoria Institute, London; Supposed causes 
of the Glacial Period, (Edin. Geol. 8oc. 18 Nov., 1891,) James Gelkie. 

TrauB. Edln. Geol. Soc. BeBs. 1890-180I, contains: Landscape Geology; 
aplea for tbe study of geology by landscape painters, Hugh Miller; The 
southwest Mayo and northwest Oalway sllurian basin, with notes on the 
old or metamorphosed rocks ot West Galway, O. H. Klnaban; Obituary 
notice of James Croll, J. Horne; An outlier or minor ba^ln of Old Red 
sandstone, in Mid-RoHS-Bhlre, Wm. Horriaon; The occurrence of plant 
remains io ollvlae basalt in the Bo'ness coalfleld, Henry M. Cadell; On 
the more notable Bcotdsh earthquakes which have occurred during the 
present century, Ralph Richardson; Homacanthus borealtn Tmg, a new 
selacfaian from the Lower Old Red of Caithness, W. T. Klnnear; Sup- 
posed causes of the glacial period, James Qelkle. 
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Iteeords of the Geological Survey of New Soutb Wales, Vol. ii, put 
4, 1892, coDt&tne: On the geoerkl geology of the south cout, with pM- 
rolc^lcftl notes un the intnialve gnnites and their SMOciated rocks 
ftmund moriijn. Houut Drotaedary aad Cobsrgo, Wm. Anderiott; De- 
BCTlpttons of four HwlreponirLa nigou specie! of the genen PhlUipnui- 
tnek, HeleophyUnm, and Cysthophjllutn, R. Btheridge; The cave shel- 
tera Bear WoUombl, tn the Hunter river diatrlct, P. T. Hammond. 

Notke tdogmpblque lur OusUve Halliard, E. Renevier [Tir« dn Bull. 
8oc Vand. So. Nat xitviii. No. 106]. 

BuL de la Soc. dei NaturallntaB de I'oueM de la France, Tome X, No. 4 
coDtaluB: Description dee gneiss & pyroxene de Bretagne, et dea clpollns 
qui tour BODt aa80ct§8, A. La Cmli; Terrain metamOrphique et cblm- 
tqne de la. vtlle-an'Vay, pre* le Pellerin, avec Uste de roches et des mln^ 
enux que I'on y vencontre, Ch. Baret. 

AiuialeBdela8DC.QB0l.de Belglque, Tome xviii, IveLiv., contAlns: 
Note BurleB rapports des etages Tournalslen et Viseen de M. Dupont, 
avec son etage Waulsortien, C. de Vallee Poussln; Quelques partlcular- 
IteB remarquables de la planchette de Herve, H. Forlr; Etudes Bur 1* 
AsBise de RoulUoD X. Btalnier; L« Poudingae de Nanlone i Strud et ^ 
Dave, X. Stalnter; Les FallloB des Samson, X. Stainier; LeTemln honll- 
lerdSalziDne-les-HoullnB, X Stainter; Le Gres blanc de Maezeroul, X. 
Stainier; Sur les notations compltquCei dea criataux de c^dte, G. 
Cesaro; Sur un terme nouveau du Quartemalre inf&rieur obserrf en 
Belglque, E. Delvaui; Etudes Bttatigraphique et paleontologtque du 
SouB-Bol de la Camplne, B. Dalvjux; Sur la Bigniflcance des conglomer- 
ate A Noyaux Schlsteux des PBammites du Condroi, Max Lohest; Les 
terrains Tertlalres Buperieun du basin de la Uediterraa^e, Chas. de 
Stafanl. 

Tome XIX, LIt. t, cont^ns: Sur un faciea remarqiiable de 1' Assise de 
Herve, H. Forlr; Etude sur les llmons herbayens et les temps (jua- 
ternalrei en Belgique, Alp. Briart; Description strati graph! que et pal- 
eontologique d' uue Assise de sables, ioferleurs A. V arglle ypresienne, 
representant tn Belgique lea Old Haven* bedt du baisln de Londrefl, E. 
Detvaux. 

Bclogie geologies Helvetlffi, Avril, 18S2, contains: Note sur les comi- 
eulea du Pays^' Enhaut, T. Rlttener; Notice sur un affleurement d' 
Aquitanlen dans le Jura Vaudols, T. Rlttener; Pleistocene du Nord de 
la SwlBBe et des parties llmltropheB du Graod-Duche de Bade, Q. Stein- 
man et L. du Pasquier; Etude strati graph! que sur lea terrains Tertialres 
du Jura Bemoes, L. Rollier. 

FoldlanI Kozlaay, Hatch-April, 1892, contains: Dr. Oarl Hofmann 
(with portr^t), L. Roth v. Telegd; L'eber den grossen Freigoldfond aas 
der Umgebung von Br&l, Aug. Fraozenan. 

Bull. Soc. Imp. Naturaltstes de Moscou, No. 2 and S, 1892. cont^na: 
Arglles de Speeton et leurs equlvaienta, A. PaTlow and G. W. Lamp- ' 
lugb; Qu' est ce que c' est que I'Hipparlon, Marie Pavlow. 

HUtheilungan Uber dasGlacialgebletNordamertkas; Die eodmorSnen^ 
Felix Wahnechafle, [ab. Zeltscbr. deut. geol. Oesell, 1802]. 
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UraacheD der DeformatloDea uad dar Geblrgsbildung, Ed. Reyer, 
Leipzig, 1802. 

Ueber den KegeDwartigen 8t&Ddpanht unaerer KentDiss vod dero 
vorkommen Fosaller QMcialpflaozea, A. O. Nathont. |Blhang Svena. 
vet akadhandl. Bd 17. Vd iil No. 5|. 

Die NordamerlkaniHclien WllateQ. J. Waltber, f Vertaand. Oesell. f. 
ErdkuDde zu Berlia, xix, 1892, No. 1). 

VI. Laborptorie* and Mvteaim. 
Bui. Lab. of Nat. Hist. State Uoiv. of Iowa, Vol. ii, No. 2, contalna: 
Report OQ aome fossllH collected In the NortUweBt Territorj, Canada, by 
NatureUslB from theUnlvertityof Iowa, B. Calvin; Two unique «pirifera 
from the Devonian strata of Iowa, S. Calvin; A geological reconnoiss- 
ance in Buchanan County, Iowa, S. Calvin; Notes on a collection of 
fo«Blls from the Lower Magaeeian limestone from northeastem Iowa, S. 
Calvin. 



COREESPONDEKCE. 



Two or three yean since, I concluded to find out, it I could, the char- 
acter of the termination of tbe column of the crlnold Heterocrlnus sub-' 
craHsnB, bavlDg a Lower Sltnrlan slab showing about one hundred apeci- 
meni of the calyx, and columns in a great profusion. 

1 selected a column attached to its calyx, and followed it by uncover- 
ing, until I waa rewarded by discovering the colninn diverging into well 
defined roots;— length of column from caij x 12)^ inches. 

At that time I believed that the genus Glyptocrinus were Boaters, and 
devoid of bases or roots. 

About eighteen months ago, something caused me to doubt that idea, 
and I commenced the ioveatlgation of the tTmlnatioD of their coinmna, 
and now, after a great deal of work, and after many discouragements, 
I have been able to so far develop roots on the tennlnationa of the col- 
umns of Glyptocrinus neali, Glypt. d3-eri, and Glypt. baeri. I h&ve a 
specimen of each specie*, showing the calyx, column, and ronts intact, 
and one slab of Glypt, baerl having on Its surface several apecimeuB of 
that character. 

One character of the specimens surprised me:-~tbe diversity in tbe 
length of the columns between calyx aod rofils In the specimens lust 
mentioned. In Glypt. neall the length varies from two to four or five 
Inches, Glypt. baerl from oDe-balf inch to six or eight, and in Glypt. 
dyerl from one to four or Ave inches. 

I have also found a specimen of Heterocrlnus simplex, atiowiDg calyx, 
columu, and inverted saucer-like base, attached to another column. 

For further informaiion in regard to above, address, 

Dr. D. T. D. Dychb. 
I-dmnoti, Ohio, July 22, 189S. 
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OL&ct&L Stri£ in Kansas. I have Just measured (Juljr 8, 1892) the 
dtrection of undoubted glacial Btri« la northern K&nua. The striated 
rock is a Umestoae covered with a stiff boulder-clay. The boulders are 
largely ted quartxite, syenite, dlorlte, slate, and porphyry, the Brst pre- 
dominatiag. 

A fair moraine croases the southern part of Nemaha county, where 
the drift is over 100 feet thick. Some of the deeper wells pass through 
a forest bed at the depth of 80 feet. Sticks and carbonaceous earth are 
brought up from about that depth in several localities. 

The striK run to the south, south westward. Here exactly they run in; 
Quarry No 1, Tn. 8, S., Sec. 17, 11. 13, E., S. 24% 86' W. Quarry No. 2, 
30 rods south of No. 1, S. 21% 08' W., both corrected for magnetic 
declination. 

I think that I am rlgttt In saying that these are the only strls that 
were formed during the first glacial epoch that have thus far been dis- 
covered In this state. Large slabs of the striated limestone have l>een 
taken from quarries in Nemaha county, and very many of the drift 
boulders are likewise beautifully grooved. L. C. Woostbr. 

Bvrekii, K-mvii, July «, 1892. 

1» THE Texas Panhabdlk. I have had a ride on a gray stallion of 
350 miles (from Big Spring, on the Texas Pacillu railroad, almost due 
south of here) and am much the better for it in health. We have had all 
kinds of weather except rain, and this Is a dry season even for this dry 
country. The weather has been alternately cold nnd hot, often present- 
ing a difference between day and night of thirty to forty degrees. Wind 
Is almost constant, sometimes amounting to a gale or more, and the 
tendency is of course to keep us cool— sometimes too cool — when the 
wind has been from the north. Un the other hand atemperatura of 90' - 
100° Fah. does not feel hotter here than 75-80- in Philadelphia. 
Our greatest difficulty has tteen bad water; in the last 60 miles before 
reaibing here we had only one decent spring, and we had to dig to get 
.that free from the pollution of cattle. The other waters were either 
rain-holes or strongly alkaline. 

Our party is in chsrge of W, F, Cummins of tbe^tate survey. Scien- 
tiflcally we have had a successful trip. Our line has been along the 
eastern escarpment of the staked plains, with an occasional excursion on 
the plains and across its spurs. We have accessible Permian, Trias, 
Loup Fork, and Blanco beds. Lower down the country we had Creta- 
ceous-marine: all the beds here are lacustrine or estuary. The Blanco 
beds are above the Loup Fork, and cuntain a new vertebrate fauna, 
mostly mammals. We have so far fourteen species, of which ten ate 
new to science, two of nf them mastodons. The Loup Fork beds we 
have just discovered here, and the fossils are very numerous. We found 
a gmve-yard of horses (three species), camels (two species) ami masto- 
dons (one or two species). The ground was covered fur acres with their 
* bones, and in the bank we got out in a few hours six nearly perfect 
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Bkulls—all hones. 80 f&r no Camlxoi*, but we shall get them. The 
abHoce ot rhinoceros ia ao Ifa pecuUnr, but we ihall gettliem I Buppose. 
We got Qoae la the Blanco beds. This formation forms the ealin sur- 
face of the JJarM ettacado aad Is UDderlala by Trias and Permian. We 
found only the Loup Fork here, and how far It passss uader the plains 
we have yet to ^now. Edw. D. Copb. 

Clarendon, Tnxat, Jvne IS, 1892. 

Dh. Wahnschaffe's Work on the Drift Deposits of Oekmamt.— 
I was much interested In reading professor Salisbury's review of the 
"Drifts of the North German Lowland," In the Hay number of the 
American Ueou>gibt. It was gratifying to And one German geologist, 
at least, who seemed to favor the aqueous origin of kettle-bolel. 

In 16JS the writer published a small pamphlet on the drift formations 
of Long Island, Id which the theory was advanced that the depreesions 
conottcted with the terminal moraine were the result of aub-glacial 
streams. About thlB time, the late U. Carville Lewis had published a 
paper on "Marginal Kames," and In it, be mainlined that kettle-holea 
were not the result of natural erosion, and that they were in no way allied 
to ordinary valleys. I was confident, however, that future investigation 
would prove that he was In error, although I knew him to be a very cloee 
observer. It seems that their origin Is still a disputed <iueBtion. 

Professor Wright, In his recent work, the "Ice Age In North America," 
adopts the view that their formation was due !« dirt bands formed on the 
ice, although on page 54 he gives a picture of the Huir glacier where 
kettle-holes are in process of formation seemingly by the acdon of sub- 
glacial streams. 

I called his attention to this fact, and he admitted that in some cases 
kettle-holes owed their origin to sub-glacial streams. 

It seems from the review of Dr. Wahnschaffe's work referred to, that 
only one geologist — B. Gelnltz — attributes them chiefly to the eddying 
action of waters during the melting of the ice. Dr. Wahnschafle uid 
others do not seem to favor this view, hut insist that the waters arising 
from the melting of the last ice-sheet had no considerable influence Id 
their formation. He argues that the depressions were already in exist- 
ence at the time of the deposition of th« uppermost layer of till, which Is 
doubtless tne, but this need not weigh ag^nst their aub-glaclal stream 
origin; as the channels may have been dried up, to some extent at least, 
before the flaal retreat of the glacier. The depreeeions In question are 
no chance farmatlons but belong to a beautiful and wonderful system of 
glacial drainage. They are In reality sub-glaclal valleys— the meetlDg 
place of the waters under the ice-sheet. Professor H. Carville Lewis 
argued that the lim of the basins was too perfect to admit of this, but 
when closely examined it will be found that the rim is generally 
more or less Indented. The basin, nf course, corresponds to the size nf 
the streams that came together under the glacier. The small streams 
make the most perfect kettle-hole, while the larger rivers form the large 
ponds, swamps and peat-beds. I have studied this phet: 
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yews along the whole extent it the termiDal moTftine on Loog Island, 
and the longer I fltudy the more I am convinced that these depreuions 
M'e in some way related to aub-glacia) or super-glacial dr^nage. 

The "ground moraine landacape" (= our terminal moraine) and the 
hills and ridgei of sand and grarel, the German Ihtrehraffunguuge und 
kame, owe their roodiflcation to these glacial rivers, and ! believe with 
professor Salisbury that thej are closelr associated In time of origin. 

1 cannot think that pressure has had much to do with the formation of 
these moraine ridgaa on Long Island, as the material does not appsar to 
be bulged up as intimated by Dr. Wahnschaffe, although there are a few 
writers who think they see evidence of pressure, and attribute the form- 
atl >n of some of (he kame moraines, on the north side of the Island, to 
lateral thrust I cannot think so. 

It seems as If the debrii had been carried along with, and In the ice- 
sheet, and as It fell from the grasp of the glacier much of it was assorted 
over by sub-glacial currents, and washed out from its terminal front, 
forming what is known as the south side of Long Island ("overwash 
plains, whose surfaces show little relieT'), yet the streams that Issued 
from the front of the Ice-sheet can be traced from the terminal moraine 
to the sea, and in places there are some conspicuous ridges which seem 
to run under the ocean, for Prof. Agassi z writing to Elie De Beaumont says, 
"the submarine dykes along our coast would be osars If they were ele- 
vated." These professor Wright calls kame deltas while the hummocky 
ridges connected with our terminal moraine the late H, Carvllle Lewis 
would designate "marginal kames." These ma^Inal kames are always 
more prominent where the flood of waters was greatest, and are pushed 
further to the south, as may be seen near Fort Hamilton. Where the 
streams were not so powerful, the "ground moraine landscape," our ter- 
minal moraine, ends more abruptly and the kettle-holes are more com- 
plete. Where the waters broke through, as at Hempstead, the terminal 
moraine disappears, and the plain becomes more extensive, and Far 
Rockaway point is the result. 

rhere is a slight diflerence of nomenclature among the glaclallsts of 
Europe and America, but the phenomena seem very much the same. I 
have never observed on Long Island any thing that seems to answer to the 
Endmorftne of the Germans, nor such dykes as G. H. Klnaban describes 
as occurring in the counties of Wexford and Carlow, Ireland, and yet, In 
iny last letter to the Qeologibt on Englacial Drifts, I spoke of a section 
in thellockaway Railroad cut that would seem to combine the three sitts 
of phenomena mentioned in the review of Dr. WahnschafFe's work, the 
Grujidmoraa^nlandichiifl, the Sndnitn'nne itnd DurehTagungnugt •and 
Kaiiu. I said: "In the center of the bottom part of the drift is a mass 
of boulders In a sandy matrix, and over this is (he hardpan, which is also 
fail of erratics. Then comes tbe modified drift, and over all the engla- 
clal till which was prnbably laid down after the Hoods had subsided." 

Thus we see that the same conclusions are being reached by independ- 
ent investigation. John Bkvbon. 

Baitpwt, L. I., July 6, 189S. 
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PERSONAL AND SCIENTIFIC NEWS. 



The Geoi-ooical Society of America meete in Rochestor, N. 
Y., August 15 and 16, in conjunction nith ttie American Asso- 
ciation for the Advancement o( Science. A joint letter from the 
Royal Society of Oauada, and from the "Logan Club" at Ottawa, 
has been addressed to the president and secretary of the Geologi- 
cal Society of America, inviting them to meet next December, in 
Ottawa, the Canadian capital. Ottawa is the leading scientlflc 
centre in Canada now, and the fact that the Geological Survey 
staff and museum are there will be sufficient earnest of the likeli- 
hood of an enjoyable as well as of a profitable meeting. Several 
fellows have already expressed their willingness and desire to 
attend, and are in favor of Ottawa. The matter will come up for 
consideration before the Council of the Society at Rochester. 

Fbesident Ciiambermn, of tb^ Wisconsin State University, 
has accepted the professorship of geology in Chicago University, 

Dr. Charles E. Beecher has been appointed assistant pro- 
fessor of paleontology at Yale University, New Haven. 

Mr. L. V. PiBSBON, who has been studying the past two years 
in Heidelberg and Paris, will t«ach petrography at Yale Univer- 
sity during the coming year. 

The American Association for the Advancement of 
Science, under the presidency of Prof. Jos. Le Conte, will meet 
at Rochester, N. Y., August 16. Provision has been made by 
the local committees for entertainment and numerous excursions. 

M. Alp. Briart in a recent review of the ' ' Limons hcsbay- 
cns " in Belgium, arrives at the conclusion that they ar« separable 
into two parts ( at least ) and that between them occurre<i an in- 
tcrglacial epoch of great length. This interglacial epoch he pro- 
nounces the "veritable epogae quaternaire" the ice incursions 
themselves being only episodes. 

The Geological Commission named by the law creating a Geo- 
logical Survey for Iowa met on the 8lh of July for the purpose 
of appointing a State Geologist. After considering the claims 
aiid recommendations of the various applicants they unanimously 
elected Prof. S. Calvin of the State I'niveriity, notwithstanding 
the fact that he was not an applicant and had been doing all in 
his power to secure the election of another. 
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DESCRIPTION OF TWO NEW GENERA AND EIGHT 

SPECIES OF CAMERATE CRINOIDS FROM 

THE NIAGARA GROUP.* 

Bj CHARLI8 WlCBaMDTE IDd FbaRK BPIUHUBB, BDrliD|[toa, lotn. 

Idiocrinub W. and Sp. (nov. gen.) 
(IM02 peoDliar, KPIN(tN » 1%) 
Infrabosals apparently 5, extremely small j placed at the bot- 
totD of a more or leas deep concavity, and completely hidden by 
the column. Basals 5, very la^e ; the posterior one truncated 
by the interbracbio-aoai plate. Radials very lai^e; four of 
them heptagonal; the two adjoining the anal side bexagonal. 
Coatals 2, almost liaear and considerably narrower than the radi- 
als; the first qaadnngnlar, and three or fonr times as wide as 
high ; the second pentaogolar, the sides of its npper angle almost 
strught. Distichals 2 in the calyx ; short. Interradial area on 
all sides composed of a single, large plate, which rises to the 
top of the dorsal cup. That of the anal side resting upon the 
basals, the four others apon the sloping upper faces of the 
radials. Ventral disk qnite variable in form; covered by a laige, 
andivided oral pyramid. The ambulacra tegmlnal, and in the 
typical species lined by small side-plates. Intflrambulacrals rep 
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resented by only one large, snbtrigonal piece. Anns excentric. 
Structare of arsuB and column not known. 

Type: Idioerinut elongatu». 

DittribuHon: So far as known, restricted to the Niagara gronp 
of America. 

Remark*. Differing from atl other dicyclic Camerata in hav- 
ing a single plate in the anal area, in its central, undivided oral 
pyramid, and in having but one interambnlacral plate to each side 
of the disk. 

Idioceiinds ELOHOATce W. and Sp. (nov. spec.) 

A small species. Calyx obconical; the ventral disk on a level 
with, or below, the upper margins of the dorsal cup; the cap 
deeply excavated at the bottom, the basals forming a lai^e fun- 
nel-shaped pit. Platea wllhont ornamentation and flat, except 
the radiaU, which are a little convex, and rise slightly above the 
plane of the cap. Suture lines not grooved. 

Infrabosals minate, constituting the bottom of the basal con- 
cavity. Basals extremely large and elongate, the lower end carv- 
ing abruptly inward, and forming a sharp edge around the bot- 
tom of the calyx; the exposed part of the plates rising to more 
than oae-third the length of the dorsal cup. Kadials once and a 
half as wide aa high, distinctly angular at their lower faces; the 
two posterior plates hexagonal, being tmncat«d by the interbra- 
chio-anal plate. Costals together less than half the size of the 
rodlols; the first linear; the second a very little higher, and its 
upper angles quite obtase. Diatichals 2, somewhat higher and 
wider than the costols; the upper semi-free. Interbrachials 
one, those of the four regular sides resting upon the deeply slop- 
ing sides of the radials, the anal one upon the narrowly tma- 
oated basal; all extending to the upper end of the calyx, and all 
much higher than wide. 

The oral pyramid is somewhat weathered in the type, and the 
median part is imperfect, the apparent opening in the center being 
a mere break. The specimen, however, is interesting as showing 
indistinct traces of inter-oral sutures, which are obsolete In other 
specimens of this genus. The pyramid occupies nearly one-third 
the width of the disk, and its upper end, when perfect, formed a 
level with the dbtal faces of the second disticbals, Interam- 
bnlacral plates one, forming a triangular area lined by small side- 
pieoes, which stand erect and form apon the surface well-defined 
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open grooves, of which th« coTering-pfeccs w«re not preserved. 
These grooves, as they pass out from the orals, bend at first 
slightly dowQvard, but after bifurcating proceed upwards to the 
urns. Nothing is known of the stmcture of arms and column. 

Soriton and Locality: Upper partof Niagaragroup; St Paul, 
Shelby Co., Ind. 

Type in the collection Of Wacbsmutli and Springer. 
Idioobikus VBNTRicoaca W. and Sp. (nov. spec.) 

A very small species. Calyx nearly as wide as high; hight 
of dorsal cup about equal to that of the legmen ; the former 
bawl-ehaped, the cup obtusely pyramidal. Plates smooth; the 
radials and coetsls somewhat longitudinally convex, causing a 
depression of the intorbnushial spaced. Suture Hues slightly 
grooved. 

Infrabasals extremely small and covered completely by the 
column; placed at the bottom of a narrow circular cavity, formed 
by the lower ends of the basals. Basals of moderate size, their 
lower ends incurving and forming the sides of the eoncavityr 
tiielr np|>er angles slightly bending npwards. Radials once and 
a half as large as the two costala together, and twice as wide aa 
high; three of them heptagoual, the two posterior ones hexa- 
gonal. First costals-tjuadrangnlar, moofa narrower than the radi- 
als, and three times as wide as high; the second of nearly the 
same width as the first but longer. Distichals narrower and 
shorter than the second costals. Interbrachiala large, sabellip- 
tjcal; that of the anal aide a little wider, and truncating slightly 
the posterior basal. Oral pyramid convex, a very little tumid, 
extremely large for the size of the species, perfectly closed at the 
summit, and the interoral sutures obsolete. The outer face of 
' the pyramid is covered with well defined radiating ridges, which 
proceed from the middle of the plate to the outer margins, in- 
creasing in hight and width as they pass outward! Ten of these 
ridges are more prominent, and project outward around the cir- 
CBmferenoe, so as to give to the plate the aspect of a ten-rayed 
star. The. inner floor is excavated centrally, and there are five 
deep grooves passing out in a radial direction. The iuteram- 
bolacral plates long, slender and cuneate, attached with their 
narrower npper ends to the inner margin of the orals. They 
pc»jact outward so as to form at their sides open spaces for tha 
reception of the ambulacra. Other parts unknown. 
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Horizon and Loealitg: Upper part of Nii^ani group; nesr St 
PbuI, Ind. 

Type in the collectioo of W&chsmuth and Springer. 

Remark*. The oral pyramid of this species, which is foDod 
occasionally detached from the body, was regarded by Miller, 
Benedict and oaraelves to represent probably the veotral strac- 
tare of some Pitoertntu. This appeared the more plansible as it 
was expected from anali^y that in Pitoerinvi, as in the allied 
Symbalhoerinut and Eaplocrin»i, the ventral disk consisted of 
orals oaly, and the plate fitted approximately upon the cup of one 
of the species, which occars in the same bed. 

HrPTiocBinua W. and Sp. (noT. gen.) 
'toTIOZ bending back, KPINON a lily.) 

Name applying to the character of the arms which hang down- 
ward. Calyx depressed, wheel-shaped. Infrabasals 5, small. 
Basala 5, fonr of them equal, angular at the npper end; the pos- 
terior one truncated by the anal plate. Radials comparatively 
small, all hexagonal. Coatals 2. Fixed brachials rather lai^, 
except the first oostals, which are quite short and quadrangular. . 
First distichals one, the distal face broadly truncated; followed 
by several sharply cnneate pieces, which interlock, and of which 
the two or three proximal ones (in the type) take part in the 
calyx. Arms stout, probably biserial, and pendent, to judge from 
the arm openings, which are directed obliquely downward. First 
interbrachials of the regular sides very large; sacceeded by sev- 
eral rows of smaller pieces. Anal plate touching the basals, and 
higher than the radials; supporting three mnch smaller plat«a in 
the next row, and others above. Ventral disk depressed ; the 
posterior oral and the radial dome plates spinoos; the anns ex- 
centric, and at the top of a large protuberance. 

Diltnbution: So far as known, restricted to the Niagara groap 
of Indiana. 

Remarks. The genus has its closest relations with Thy$aH4»- 
rinut, from which it differs in the flatness of the calyx, in tha 
pendent arms, and in the spine-bearing disk. 

Htptioobinub TTP08 W. and Sp. (nov. spec.) 

Specimens of medium size. Calyx wheel-shaped, nearly onoe 
and a half as wide as high. Dorsal cup broadly oboonical to the 
top of the costals, then flanging outward and somewhat down- 
ward, Arm regions not lobed, but the upper margins of tiie in- 
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terradial and iaterdistichal spaces formed into sharp edges by 
means of correepoDding depressions in the dorsal cup and teg- 
men. Costals and distichals marked by ronnded, longitudinal 
ridgee, following the median line of the plates. Ventral disk a 
little higher than the dorsal cup, its lateral margins slightly bulg- 
ing, the lower end somewhat projecting over the upper margin of 
the dorsal cup. The plates flat, their surfaces in well preserved 
specimens densely covered by fine granules. 

Infrabasals smalt, hidden by the column; forming a flat, pen- 
tagonal disk. Basals ratber large, about aa wide aa high, curv- 
ing abruptly upwards; the posterior one slightly truncated at the 
upper end; the interbasal suture lines distinctly grooved. Ra- 
dials twice as wide as high, their proximal ends distinctly an- 
gular. First costals much shorter and narrower than the radials, 
quadrangular. Second costals higher and a little wider than the 
first; their lateral faces short; the sloping upper faces placed at 
right angles. First distichals as large as the axillary costals, 
followed by two or three cuneate plates in the calyx, which 
shghtly interlock. Structure of the anna not observed, bat they 
were undoubtedly biserial and pendent. First interbrachials of 
the regular sides the loigest plates of the calyx ; they reach up 
to the sides of the first diatichala and are sucoeeded by two rows 
of two plates each. The anal plat« a little higherthau the radials, 
supporting three, two and two smaller plates. Interdistichalg 
one, small. Posterior oral nearly central, lai^e and extended 
into a heavy, short spine; the four other orale proportionally 
small and almost flat. Radial dome plates represented by plates 
of a first and second ordep, those of the latter by two or three 
plates to each division, alternately arranged; all large and spine- 
bearing. The spines near the outer margins of the disk directed 
obliquely outward, and visible in a dorsal aspect of the calyx, 
Interambulacral plates numerous, of the size of the smaller 
onils, and irregularly arranged. Anus excentric, placed at the 
top of a laige ovate protuberance, which rises conspicuously 
above the general plane of the disk. 

Horizon and Loeaiity: Niagara group; St. Paul, Shelby Co., 
Indiana. 

Type in the collection of Wachsmnth and Springer. 

EuCALTPTOCRlNUa LINDABLI W. Oud Sp. (nOV. SpftC.) 

Above medium size. Most remarkable for its heavy, ronnded 
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anuB, which to their fall length a[e elevftted prominently sbove 
aba outer faces of the partition wall^ so the latt«r are forming 
the bottom of a deep groove. Dorsal cup Hemi^globoBe^ its lower 
concavitj not larger tnait the width of the stem, and enclosing 
only the basaU, which are hidden from view by the narrow, round 
stem. Plates not distinctly ornamented, merely showing a 
roughened surface. Suture lines slightly groored. 

Radials rather large, as high as wide, rapidly sloping to the 
lower end; their lateral faces three times as long as the slanting 
upper; the superior face concave. First costals quadrangular, 
smaller than the raduds, a little wider tlian high. Second costals 
faexanguler, wider and higher than the first; their sloping upper 
faces longer than any of the others; the upper angle slightly 
truncated by the interdistichal. First distichal smaller than the 
axillary costal, the second less than half the size of the first and 
subquadrangular. Palmare three in the cal}*!, transversely 
arranged, rounded on the back. First interbrachials ten-sided, 
as large as the radials, longer than wide, widest at the middle; 
the two of the second row nearly three times as long as wide, 
rising to the bight of the third palmars. The interdistichal a 
little shorter and narrower than the two upper interbrachials com- 
bined. The walls forming the compartments taper gradually 
to near the upper end, then widening rapidly and curving ab- 
ruptly inward, so as to form a flat surface at the summit on a 
level with'the tips of the arms. Arms rather short, verj- heavy, 
almost cylindrical. They rise above the sides of the partitions 
much more conspicuously than is known to be the case in any 
other species, their tips being lifted out from between them al- 
most completely. 

Horizon and Loeulity: Niagara group, Wayne Co., Tenn, 

Typr in the Illinois State Museum. The species is named in 
honor of Dr. Josaa Lindahl, the eminent zoologist and director 
of the state museum at Springfield. 

Callicrindb beachleri W. and Sp. (nov. spec.) 

Closely resembling Enfalypiocrhtut. The calyx has the form 
of a wine bottle, with long slender neck and a deep concavity 
at the bottom, but the partition walls, instead of forming closed 
compartments to the full length of the arms, rise only to a cer- 
tain bight, and are not closed from above. Hight of the calyx to 
the base of the tubular neck one-fourth greater than the width at the 
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topof the dorsal cnp; the Mgbt of tbeoupllnillliin.,thatof the ven- 
tral disk 16 millim., and the length of the partitioa walls 8 millim. 
Dorsal cup broadly tnmeated at the baae; the sidesalmost straight, 
gradually expanding upwards. The radials and costals at their sur- 
faces sharply keel'shaped, especially the former, and the angu- 
larity continued upon the distichals, but not attaining the prom- 
inence as on the plates lietow; the first interbrachials slightly 
convex, with a smalt tubercle in the center. 

Bftsals small and nearly of the same size, forming a concavity, 
which is rather small and shallow for the genus. Radials near 
the upper end fully as wide as long, and twice as wide as at the 
lower part, which curves gently inward to meet the basals. First 
costals twice as wide as high; the second, which is higher and 
wider, rarely truncated by the interdisticbals. First distichals 
twice as large as the second, and but little smaller than the ax- 
illary costals. The palmars small and pentangular. First inter- 
brachials longer than wide, a little smaller than the radials; the 
upper two together nearly twice as wide as the first, their 
upper ends rising to tbe hight of the second or third arm 
plates. Interdistichals but little smaller than the upper inter- 
brachials, and protruding upwards in a similar monoer. Ven- 
tral disk conical, its sides convex. The ten plates which rest 
upon the interbrachials and interdistichals, respectively, and form 
the compartments for the reception of a pair of arms, are twice 
as high as the intervening ones, which rest against the sloping 
upper faces of the palmars. There are in all twenty partitions 
around the disk, and each arm occupies a separate compartment. 
The partition walls are moderately thick, and slightly grooved at 
their outer faces. The t«n larger ones rise to a level with the 
upper end of the first ring of plates in the disk, of which they 
form wing-like extensions; they are sabre-shaped, and pointed at 
their ends. The second ring of the disk consists of four plates, 
which are much narrower at tbe top than at the bottom, and 
two of them are narrower than the others. The construction 
of the anal tube, its length, and the structure of the arms not 
known. 

Horizon and Locality: Nii^ara group, St Paul, Ind. 

Type in the collection of Wachsmnth and Springer. 
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Remarks. The nniqae Bpecimen from which the above de- 
scription is made, was diBcovered by Mr. Charles Beachler, a very 
enthnsiaatic collector, in whose honor the epeciee is named. 
MELOCOiNns ROEHEKi W. and Sp. (iiov. spec.) 

Syn. Cytocrinvt Icevit Roemer; 1860, Silnr. Fauna West. 
Tenn., p. 46, PI. 4, flgs. 2 a, b, c. 

Syn. Ctenocrinut l<evii Shumard-, 1866, Trana. Acad. Sci. 
St. Louis, p. 361. 

Syn. Melocrinui Itevii (not Qoldl) W. and Sp. (in part)-, 
1881, Revision, Pt. il, p. 122. 

Calyx moderately small, turbinate, dorsal cup about as wide as 
high, gradually spreading to the arm bases, which are formed 
into Ave very conspicuous lobes, giving to the calyx, as seen from 
above, a decidedly stellate outline. Plates witliout ornamen- 
tation, a little concave, except the median line of the radial 
plates, which is obtosely angular. The radial appendages, from 
which the arms are given off, composed of a single series of 
plates. 

Basals rather large, subequal, forming a shallow cup which is 
slightly truncate at the lower end. Radials twice aa large as the 
first coBtals, hexagonal, about as wide as high; their upper slop- 
ing faces a little largerthau the corresponding lower ones. Second 
costals very small and carved like arm plates; their upper slop- 
ing faces unequal, that toward the outer sidb of the ray much 
longer and supporting a distichal, the inner one the first arm 
plate. The free rays, which consist of a single series of platen, 
give off the arms at intervals from alternate sides, not from 
opposite sides, as generally in this genos. Interbrachial spaces 
wide, the first plate large, succeeded by two rows of two and 
three plates respectively, which are followed by disk plates. The 
two outer plates of the upper row curve outward so as to form 
the sides of the lobes. At the anal side the first plate is larger, 
and followed by three plates in the second row, and four in the 
third. Ventral disk depressed, pentagonal; the ambulacral 
r^ons slightly raised above the general plane; the plates without 
ornamentation, almost flat, and the sutures difficult to see. The 
disk ambulacra are completely subtegminal; the orals apparently 
unrepresented, and the anus is placed at the end of a lai^ tube 
which bends to the posterior side. 
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Horizon and Locality: Nif^ara group; asaociated with Aitrae- 
otpongia menucu*. Decatur Co., Tenn. 

Type \a the collection of Wachsmnth and Springer. 

Rrmarkt. Roemer described this species as Cytocrinui laevit, 
making it the type of a new geDus. He sapposed it had thiee 
basals, and he did not understand the arm stmctnre, which is 
evidently that of Meloerinut. We refer the species to the latter 
genus, but are compelled U> change the specific name, as already 
Goldfasfi in 182K described a Meloerinui lanit from the Eifel, 
and replace it by Mtlocrinut Roemrri. Roemer originally in- 
cluded in this species two forms, the typical one from the Niagara 
group of Western Tennessee, and another from the same horizon 
of Louisville. The latter has been described by us as Meloerinv 
oblongu*. The two species resemble each other in form, but M. 
oblong\u is considerably laiger, the calyx contains many more 
plates, and the tubular appendices giving off the arms are com- 
posed of two rows of brachials in place of one. 

Melocbikds oblonods W. and Sp. (nov. spec) 

A rather slender species of less than medium size. Dorsal cup 
obconical; the sides straight to the top of the second costals, 
whence the rays turn ontward and form distinct lobes around the 
calyx, which give to the section a decidedly pentatobate outline. 
Plates convex, a little tumid, but without ornamentation. 

Basals small, subequal, notched at the sutures, the lower face 
bat slightly truncate and very little excavated. Radials and first 
costals generally longer than wide, especially the former; the 
second costals of ten as wide as long. Distichals 2x10; the two 
upper axillary and separated by a small interdistichal. The tubu- 
lar appendages not preserved in the specimens, but, as there are 
two distichals to each ray, they obviously were biserial. The 
first interbrachial as large as the first costal, succeeded by rows of 
twb, three, three, and three plates', which meet the interambulac- 
rals. Anal interradius a little wider, with three plates in the 
second row, and four in the third. Ventral disk low, irregularly 
convex; the ambulacral spaces slightly elevated; the plates — 
orals included — almost of uniform size. Anns sabcentral, at the 
end of a tube. 

HorUon and Locality: Niagara group; near Louisville, Ky.. 
and St Paul, Ind. 

TypeM in the collection of Wachsmnth and Springer. 
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Remark*. This form was n^rded by Roemer* as speciflcatly 
identical with his Cgtocrinux laevis, which comes from the sEme 
horizon \a Tennessee, and resembles it ia genenl form; but the 
appendages of that species are composed of single Joints, uid it 
baa a smaller number of interbrachials. 

Meloceinds PARvns W. and Sp. (nov, spec.) 

A small and very slender species of the type of Melocrinut 
Roemeri, having, like that species, five unisenal appendages giving 
off the arms. Dorsal cup ob-pyramidal, the interradial spaces 
deeply depressed, and the cross-section at the top of the costals 
distinctly puntalobate. The plat«a a little convex, and covered 
with obscure ridges. 

Basal cnp almost cylindical, its upper end slightly wider, the 
lower face completely covered by the column; the plates as high 
as the tadials, and the luterbasal and basi-mdial sutures dis- 
tinctly grooved. Radials a little higher than wide. First costals 
of the same proportions as the radials. Second costals smaller, 
proportionally shorter, and irregularly axillary ; one of their upper 
faces shorter and giving off an arm, the other forming the base of 
the free ray, which necessarily was uniserial. Interbrachials three 
at the regular sides, four at the anal side, the latter having three 
plates in the second row against two at the other sides. Ventral disk 
convex, the interambulacral spaces a little depressed; composed 
of moderately large, slightly convex plates. Anus excentric. 

Horizon and LocatUy: Niagara group, St. Paul, Ind, 

Type in the collection of Waehsmuth and Springer. 

Remarki. This species differs from M. roamtri in the nar- 
rower and less spreading base, in the proportions of the radials 
and costals, and in the convexity of the plates. 



NOTES ON A COLLECTION OF FOSSILS FROM THE 

LOWER MAGNESIAN LIMESTONE FROM 

NORTHEASTERN lOWA.t 

By 8. CiLYiN, Iow» Clly. 

Until recently we have been accustomed to regard the Lower 
Magnesian limestone of the Tipper Mississippi valley as destitute 
of organic remains. Dr. White in his report on the Geology of 
Iowa, Vol. I, pp. 173-174, says that "th e only fossils that have 

♦Sllur. Fauna West. Tenn., 1860, p. 46. 

tFromtlieBullettDof the Laboratories of the State Uuivenlty of luwa. 
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been foand in this formstiOQ in Iowa are, so far as kaown, a few 
tracw of the Bteme of Crinoids found near McQregor. " Whit- 
ney in Hall's Geology of Iowa, p. 337, speaking of indications of 
oj^aoic life in the Lower Ma^aesian limeetone, says that '-io 
Iowa, indeed, we have observed nothing of the kind." Owen 
seems to have been more fortunate than the other observers men- 
tioned, for in hie report on the Qeological Surrey of Wisconsin, 
Iowa and Minnesota, p. 60, he enumerates a few genera that are 
represented in this formation, but does not cite localities, The 
Euompkalui and Opkileta which he mentions, ma; be from the 
horizon of the Lower Magnesian limestone of Iowa; the trilo- 
bitoB referred to are probably from the Upper Potsdam or St. 
Croix group as will be noted farther on. In the Geology of Wis- 
consin, Vol. tv, Whitfield describes a number of species from 
the Lower Magnesian limestone, but it is probable that the only 
species referable to the horizon of the formation in Iowa is his 
Eanmphalua giroagi which he says occurs in cherty beds in Rich- 
land county, Wisconsin. In the Geolt^y of Minnesota, Final 
Report, Vol. i, pp. 222-223, Prof. Winchell mentions the discov- 
ery of organic remains in limestone of the same i^e as oar Lower 
Magnesian, The fossils occur only in cherty beds and embrace 
the genera Orlhocerai, OphUeta and Pleurolomaria. 

In all discussions relating to the fauna of the Lower Magne- 
sian limestone of Wisconsin, Iowa and Minnesota, it should be 
borne in mind that for many years geologists have confounded 
the St. Lawrence limestone, a member of the Potsdam or St. 
Croix series, with the Lower Magnesian. In the Geology of 
Minnesota, Final Report, Vol. ii, pp. 14 to 22. Prof. Winchell 
gives the results of the latest investigations on this subject and 
points out the true relations of the long misunderstood St. Law- 
rence limestone. It is possible that all the species of Dlceloceph- 
alut, C'liiocfphnlitei:, lUiniurim, and other forms associated 
with them, which have been credited to the Lower Magnesian 
limestone, have come from the St Lawrence limestone and belong 
to a horizon below that of the Lower Magnesian. 

Within the past few years Mr, F, H. Lutbe, an enthusiastic 
and intelligent amateur geologist, of McGregor, Iowa, has inves- 
tigated the fauna of the Lower Mt^ncsian limestone of Clayton 
and Allamakee counties, and has brought to light an assemblage 
of forms of verj- great interest. Mr. Luthe has kindly placed 
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bis collection in my hands for examination. All the recognizable 
species belong either to the Gasteropoda or Cephalopoda. Indeed 
all the species belong to one or the other of the above gronps ex- 
cept some amorphous, laminated, poroas strnctnres that recall 
certain forms of the Stromatoporoidea. 

The following species, all apparently confined to cherty layers 
of tbe formation, may be noted: 

Mktoptosia alta Whitfield. The collection contains speci- 
mens apparently identical with the species described and figured 
by Mr. R. P. Whitfield under the above name in his paper on 
FoniU from the CaJdferou* Sand-roek of Lake Vhamplairt, Bul- 
letin of Am. Museum of Natural History, Vol. ii. No. 2. Tbe 
Iowa specimens referred to this species are larger than those from 
Lake Champlain. With the above occur two or three other species 
of Metoptoma. 

Triblidium, 8p. There are a few forms presenting the appear- 
ance of Capulut or Platyeercu that probably belong to this genus. 

Sthapakollus CLAYTONENBiB, D. sp. Thls Is by far tbe most 
common species in the collection. It resembles Euomphalut cal- 
ci/erut Whitfield, Lake Champlain Fossils, p. 47, plate viii, flgs. 
12 and 13. The volutions are four or more in nnmber, circular 
in transverse section; umbilicus wide and deep; spire sometimes 
almost fiat, usually slightly elevat«d. From E. calciferutV/., 
this species will be distinguished by the fact that the volntions, in 
the cast, are not embracing, scarcely touching each other, and the 
volutions are not coiled in the same plane. The two forms ore 
about equally robust and the whorls expand at about the same 
rate. Strapamlbtt clai/tonenti» differs from Eaomphahix itrongi 
Whitfield, in the greater nnmber of less rapidly expanding volu- 
tions, the absence of carinee or angles on the whorls and the pro- 
nounced difference between the ambilical and opposite sides. 

Stkaparollus pribtinifobmis, n. sp. This is a smaller form 
than the preceding; volntions less robust, not embracing or 
slightly separated in the cast, coiled in the same plane so that 
tbe spire and umbilical sides are similar in appearance; whorls 
nearly ciiciilar in transverse section, upper surface of each marked 
by an obscure carina, with traces of another carina still more ob- 
scure half way between the middle of the whorl and tbe suture. 

Baphisto.ma pepinense Me«k. The collection contains m^ny 
specimens of this very beautiful species. The spire is depressed 
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and consiste of about six voIntionB in specimenB having a diam- 
eter of one inch. The periphery is sharply angulated and the 
nmbilicns wide when compared with other species of the geaus. 
Compare R. trockiscum Meek, in U. S. Exploration of the For- 
tieth Parallel, Vol. iv, p. 19. 

Raphistoma HDLTivoLVATrK, D. sp. Shell moderately large, 
more than ao inch and a qaarter in diameter; spire depressed ; 
whorls five or more in number, increasing gradually in size, each 
about one and a half times as large as the preceding; each whorl 
bears an obtuse angular carina near the suture; suture somewhat 
deeply impressed; upper surface of each whorl concave; outer 
margin marked by a sharp angle from which the convex lower 
SDiface of the last whorl slopes downward and inward to the 
angle that bounds the nmbilicns. 

Bafhistoma paucivolvatuu, n. sp. This is a small lenticular 
species having from two to two and a half very rapidly expand- 
ing whorls. 

HoLOPEA TPKOitiA Mall. There are a number of specimens in- 
distinguishable from this species as it ta described aud figured by 
Hall, Billings and Whitfield. See Paleontology of N. T., Vol. 
I, p. 12, plate III, flga. 9 and 10; and Lake Cbamplain Fossils, 
by Whitfield, p. 50, plate ix, figs. 3-7. 

MuBCHisoMA, sp. There are a few specimens referable to this 
genus. They are characterized by an elongate spire with many 
sharply angular volutions. 

Obthoceras pbimioehidk Vanuxem. This species is well repre- 
sented by two or three specimens, all showing the characteristics 
by which it may be readily distinguished. See works of Hall and 
Whitfield already cited. 

Cybtooekas lcthei, n. sp. Shell. rather small, elliptical in 
transverse section, only moderately curved; length of an aver- 
age specimen from two and a half to three inches, greatest diam- 
eter of body chamber three-fourths of an Inch; septa very num- 
erous, ten chambers occupying the space of half an inch; septa 
oblique to the axis, rising highest on the convex side, the obliq- 
oity increasing as the septa approach the chamber of habitation; 
iriphuncle large for the genus, situated close to the inner or con- 
cave maigin, tapering more rapidly in proportion to size than the 
shell, and expanding to a trifling extent between the septa. Outer 
chamber long; margin of aperture and surface markings un- 
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kaown. This species will be readily recognized by its elliptical 
section, its oblique, closely crowded septa, and its large, internal, 
rapidly tapering siphaacle. 

The specific name is given in honor of Mr. F. H. Lathe, of 
McCrregor, Iowa, to whose skill and enthusiasm science is in- 
debted for valuable additions to our knowledge of the fauna of the 
Lower Ma jnesian limestone in the valley of the Upper Mississippi. 

The collection contains fragments of other species that will 
sometime, we hope, be represented by identifiable specimens. 

In general aspect this fauna resembles that of the Calciferous 
sand-rock about lake Ghamplain. The identity of the species in 
some cases and the close resemblance in others, leaves little doubt 
as to the exact equivalency of the Lower Magnesian limestone 
of Iowa with the Calciferons , series of northeaBtern New York. 

Oeologieal Laboratory, Unicertity of lotea, May 26, 189S. 



THE SCOPE OF PALEONTOLOGY AND ITS VALUE 

TO GEOLOGISTS. 

AddreM before Section B., A. A. A. 8., Aug. ir,iaB»,by H. S.Wiluaiw, 

Neir Hnvni, Cann. 

The scientific study of fossils is scarcely a century old. It 
was in 1796 that Cuvier for the first time ventured to say that 
certain fossil bones found in the Paris basin represented an ex- 
tinct species of eleptiant. 

About the year 1819, William Smith became famous by prov- 
ing that rock strata could be traced across the country by their 
fossils, that at each outcrop acrose miles of interval a stratum 
could be recognized by the identity of the fossil shells it contained. 

Previous to this, foasiis had t>een regarded as cariosities. 
Cuvier and Smith made it clear that fossils tell us of organisms 
of whose existence or nature we shonld otherwise be ignorant,and 
that the kinds of oi^anism are, somehow, related to the different 
strata of rocks. 

Deshayes who was a friend of Lamarck, and Lyelt, and a little 
later, William Lonsdale were among the first to demonstrate the 
wide scope of paleontology and \\a inestimable importance in the 
interpretation of the problems of geology. 

Lyell tells us in his "Antiquity of Man," (p. 3), of the method 
he employed in determining the subdivisions of the Tertiary: 
"When engaged in 1828" (he writes) "in preparing for the preaa 
the treatise on geol(^, above alluded to [the third volume of 
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'Principles of Oeology'], I conceived the idea of claasing the 
whole of this series of strata according to the different degrees 
of affinity which their fossil Testacea bore to the living forma. 
Having obtained information on this sabject during my travels 
on the continent, I learned that M. Deshayes of Paris, already 
celebrated as a Conchologist, had been led independently, by 
the stndy of a la^e collection of recent and fossil ahella, to 
very similar views respecting the possibility of arranging the ter- 
tiary formaUons in chronological order, according to the propor- 
tional namber of species of shells identical with living ones, which 
characterized each of the successive groaps above mentioned. " 

The view of M. Deshayes may be given in the words of Robert 
Bakewel), as fonnd in the 5th edition of hia geoli^iy (p. 399, 
1838). He writeai 

"H. Deshayes considers that the relative ages of different 
groaps of strata or formations may be determined by their zoolc^- 
ical characters alone-, that is, by the species of shells they con- 
tain. He forms two grand divisions of stratified formations: 
1. Those which contain no species of sheila anaI<^;ous to exist- 
ing species [meaning idetrtical species]. This division is stated 
to comprise all the secondary strata. 2. Strata which contain a 
grealei or lesser number of species analogous to existing species. 
The last division comprises all the tertiary formations. Again 
be subdivided this division into three groupa, according to the 
greater or lesser proportion of species of shells that they each 
contain analogous to living species." (Bakewell's Introdnction 
to Geol<^y, p. 399). 

The law here propounded is quite different from tb&t announced 
by William Smith. "That each stratum contained organized 
fossils peculiar Co itself, and might, in oases otherwise doubtful, 
be recognized and discriminated from others like it, bnt in a differ- 
ent part of the-seriea, by examination of them." (Phillips' 
Memoirs of William Smith, p. 15.) 

Smith's law considers only the significance of fossils as marks 
indicating the stratnm to which they belong. Fossils studied 
and described on this bssis, are at best bnt "Medals of Creation," 
f. c, the claasifled signs by which geological formations may be 
reot^nized. This is the scope of the older paleontology. The 
bigher or comparative paleontology as set forth by Deshayes, 
Lyell and Lonsdale considers the relationship which fossils bear 
to each other, to those which preceded them and to their succes- 
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sors. It deala with the bistoiy of organisms, itnd therefore is 
able to And id fossils themselves the evidence of the order of 
sequence of the rocks containiog them. 

I quoted from Bakewell, because he considered Deshayes' and 
Lyell'smetbodsasinnovations. When,in 1833, hewrote the preface 
to the fouith edition of his geology, he expressed his contempt thus : 

"Great importance," he says, "is attached to the study of fos- 
sil shells; but the character of the animals that inhabited them, 
of the power they might possess of modifying the form of the 
shell under various circumstances, has scarcely been thought of. 
Some French conchologists are endeaveripg Ui establish the doc- 
trine that fossil conchology, independent of the succession and 
stratiflcatiou of rocks, is the only true basis of geology; and a 
trifling difllerence in the form of a shell, is deemed sufficient to 
constitute a new species, and to warrant the most important con- 
clusions respecting the age of the rock formations." 

This was sixty years ago, when the general belief was that 
species are immutable, and therefore that new creation was neces- 
sary to account for distinct species. The geolc^sts rec<^izecl 
the importance of species as indication of the a%e to which the 
containing rock belonged, and fossils were regarded as particularly 
valuable in classifying and identifying the stratified rocks, but the 
question was raised by Deshayes and Lyell — "Is there not a natural 
sequence in the order of the successive species?" Lyell evidently 
did not for several years realize the full import of the question he 
propounded when he spoke of the relative afilnity of the species. 

William Lonsdale, in 1839, made a still higher application of 
paleontolt^y, in his doterminatioo of the fossils of South Devon- 
shire to be of intermediate age between the Carboniferous and 
Silurian systems, which led Sedgwick and Mnrchison in the same 
year to propose a Devonian system as of the same e^ as the Old 
Bed system, though coutaiDing no fossils of the same species. 

The conditions were these: Murcbison had recognized the "Car- 
boniferous limestones" and the following "Coal Measures" io 
northern England containing their characteristic fossils. In the 
Cheviot hills the "Old Red sandstones" were found below them, 
with their fish remains. 

In western England the "Silurian system" with its marine fos- 
sils was known to run upward into mcks with similar remains, 
considered to be the lower Old Red sandstone. 
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And the order, (1) Silumo system, (2) Old Red system, (3) 
Carboniferous system, it was believed, expressed a continaous 
stratigraphical series. When certain fossils from the limestones 
of N'ewton, Bushel, and other localities in South Devonshire 
were given Lonsdale to describe, he detennined them to be of the 
age of the Uld Red sandstone, in the following way, (to use his 
own language) : "It was therefore bj' combining together this evi- 
dence, the presence, in the same series of beds, of shells resem- 
bling or identical with Mountain limestone species, of Silurian 
corals, the Ca/ceol'i Sandafina, and various distinct Testacea, that 
I was induced to suggest that the South Devon limestones are of 
an intermediate age between the Carboniferous and Silurian sys- 
tems, and consequently of the age of the Old Red wndstone:'' 
(Notes on the age of the Limestones of South Devonshire by 
Wdliam Lonsdale. F. (i. S. [rend March 25, 1840] Trans. Geol. 
Soc. 2d See., Vol. v., p. 721.) 

Sedgwick and Murchison adopted Lonsdale's conclusions without 
reserve, although they produced radical change in the classification 
tbey had already published, and on the strength of them tbey 
founded the Devonian System, and said: "This is undoubtedly 
the greatest change which has ever been attempted at one time in 
.the classiflcation of British rocks,'' and further, ''So far from 
thinking ourselves roah and iinsty in drawing the preceding con- 
clusions, we think we may rather be accused of l>eing over-cau- 
tions and tardy in accepting evidence, however opposed to 
commonly received opinions. " 

(Sedgwick and Murchison, "On the Physical Structure of 
Devonshire, etc., Pt. ii. on the Classification of the Older Strati- 
fled Rocks of Devonshire and Cornwall," Trans. Geol. Soc, 2d 
Sec., Vol. V, p. 6H8.) 

This interpretation was not stratigraphical, nor was it a caseof cor- 
relation bymeansof ncommon species of fossils, afterthe William 
Smith method of paleontolog^i', but it was a case of determining 
the stratigraphical position of the Devonian faunabyacompariaon 
of its species with those of other faunas from which it differed. It 
ia a typical case of what I would call Comparative Paleontology. 

In both of the cases cited it will be noted that the fundamental 
fact underlying the determinations made, consists in the recog- 
nized natural order of sequence of species corre3)x>nding to the 
stratigraphic order of the rocks containing them. 
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It is not probable that any of theae early paleontologists nnder- 
stood the full meaning of thia sequence, and we are hardly yet 
able to see how much the atodiea of the paleontologist have done 
to establish the derivative theory of evolntion. Bat it is becom. 
ing every day more and more apparent that the reason for its great 
value to geolog)' and for the graadness of the scope of paleontol- 
ogy is the fact that its subject matter is the records of the history 
of organiemB, 

To the comparative paleontologist, fossils are hien^lyphics, 
which tell more fully than those of Bg^^it and Persia of the hab- 
its, customs, migrations and environments of the successive races 
from the b^inning of the worid. Although the stratigraphic 
order is all important in reading them, when the clue to the story 
is found, the fossils are as much more important than the strati- 
graphy (to the correct interpretation of geology) as the meaning 
of a. sentence is more important tluin the succession of the words 
on the page. 

But I speak here of the scope of the pure science. Before 
thb audience 1 would call particular att«ntioa to the value of com* 
parative paleontology to the geologist, as a means of determining 
the structure and development of the earth. 

Lyell was the first to use paleontology as a means of cla8sif]:> 
ing geoI<^ical formations. In establishing the divisions of the 
Tertiary, i. c , Eocene,- Miocene and Pliocene, he made a numer* 
ical comparison of the fannas themselves. This method has its 
imperfections, hut the fundamental truth underlying its applica- 
tion is that there is a natural order of succession in the histoiy of 
organisms whose remains are preserved in the strata. This order 
of succession is observable in respect of three different sets of 
characters: 

(1.) The parts or <ir^iiii« of which each individual oi^anism is 
composed. 

(2.) The separate tpi-cU* existing at any particular time. 

(3.) The combination ofspecicsinto/ai(Ha« or ^ori« which are 
associated with certain conditions of environment. 

In the first case we know how the organs arise, not ready made, 
but in each indi\'idual by gradual mo<lification of the organless 
germ one after another the various parts and oi^ns of the adult 
are perfected. The paleontologist has learned that in some gen- 
eral way, at least, the natural sequence of form of oi^ns has 
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followed the aame law. As among vertebrat«a, the multirayed 
fin of the flsh, the webbed paddle of the enaliosaur, the paw of the 
crawling reptile, the hand of man form a natural sequence of de- 
velopment, the later in each case presupposing the preceding stage. 

In the second case it is well known that there is a natural suc- 
cession of species. This succession points to genetic relatJouship 
betweeu successive species, and it is an established law of this 
succession that species most lilte each other occur near together 
in the chronologic order, and species of the same genus, present- 
ing the greatest divergence from each other, are also the more 
widely separated in time. 

In the third case it is iinown regarding living organisms that 
they present natural association with each other and in adaptation 
to the vaiiouB conditions of environment. The law of this asso- 
ciation is expressed by the terms fauna aud flora. Paleontott^ 
teaches that the faunas and floras change, and, as the law of Lyell 
illustrates, that this change is gradual and in a definite order. The 
individuality of a fauna can be recognized and can be followed 
out in its successive changes, and these changes are best ex- 
plained by the law of adjustment to environment. 

In the series of modified oi^ans we see the law of organic lU. 
vflopmeut, in the series of successive species of a race, the law of 
hereditary rcolulioii, and in the composition and changes of sue 
cessive faunas the law of adjustive ndnplntinn to rHcironmeal. 

It is an expression of these laws that the fossils liecome such 
delicate tests of the chronological order and the geological condi- 
tions of the past. , 

In the interpretation of the divisions of the Tertiary, Lyell ob- 
served the law of succession of a single fauna, and, for a single 
continuous fauna, the gradual accession of new species and ex- 
tinction of old would express a normal taw of succession. If, 
however, two faunas are compared, the Dumberof common species 
would depend upon the lilteness or difference of the environing 
conditions. 

To apply the Lyellian principle correctly, it is necessary to 
compare the successive faunas of the same province, and for the 
recognitioD of the province too, it ia necessary to consider the 
possible change of climate, or the etfect of theshifting of condi- 
tions by elevation or depression of the tx>ttom, or change of re- 
lation of surface of sea to surface of the land. 
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This principle iorolres the fact that each species has a limited 
life period, but it does Dot involre, in Lyell'a first usage of it, 
the fact that one species is necessarily descended from another. 

Before this latter law was accepted as a fact, the natanil Beqneaee 
of species, and of genera and orders was known. I.amarck had 
advanced the idea of the spontaneous origin and pK^t^ressire de- 
velopment of the organisms of the earth, but it is interesting to 
note the fact that the natural sequence of different orders of be- 
ings was generally accepted before it was granted that natural 
descentwastheexplanation of the sequence. Deshayes maintained 
that the species of the Cretaceous were all extinct, and in this fact 
was found tbe groand for separating the Tertiar}' order of rocks 
from the Secondary, the former alone containing shells identical 
with those now living. 

The laws of geographical distribution, with resultant modifica- 
tions of those combinations of species called fauna and flora, and 
the modification of the species themselves in their adjustments to 
changed environment, are sufficient to explain the imperfections 
of the Lyellian principle of determining relative antiquitj' of for- 
mations by the mere numerical proportion of recpnt species they 
contain, but as a general principle it is satisf acton*' . The same 
principle of numerical comparison when applied to genera, fami. 
lies and orders ^1mi^hed the basis for the classification of the geo- 
li^ical series into Cenozoic, Mesozoic and Paleozoic. 

The mere numerical comparison of faunas is incapable of very 
minute application in marking tbe chronological scale, for the 
reason that the life period or range of species is.often equal to that 
of a geological i>eriod, and the life period of a genus may span 
two or three systems. In these particulars I refer specially to 
invertebrates. Land vertebrates expn-ss a much greater sensi- 
tiveness to changes of environment, but as a means of determin- 
ing the geological age of strata, they are of such rare occurrence 
as to be practically useless forthe general geologist. Vertebrates 
when they are present, as well as plants, are of extreme value as 
time indicators. Thus it is evident that we owe to comparative 
paleontology, and not to stratigraphy or litholt^y, the prlmar>- 
classification of the geological scale, and the means of distinguish- 
ing the chronological position of each formation. 

A second invaluable service of paleontotogj' lu goolog\' is found 
in the application of the law of succession of the great groups of 
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organiamB. [o the history of vertebralea we are all familiar with 
the law of succession: (1) Fisb, (2) Amphibians, (3) Reptiles, 
(4) Mammals, and Id another line, (3) Reptiles, (4) Reptilian 
Birds, (5) Birds. 

The finding of remains of any one of these groups of animals 
is sufficient evidence that representatives of the lower type had 
previously existed. The abundance of reptilian remains is certain 
indication of later age than the Paleozoic; the abundance of 
mammals, ot f^ later than Mesozoic. In the same way the trilo- 
bit«s are known to be an ancient type, and the decapods a more 
modern type of Crustacea. The Tetracoralla are older than the 
Hexacoralla. And a great number of similar instances can be 
named, where, in a particular class or order of organisms, there 
is a definite succession in the order of their dominance and theo- 
retically it is believed also, in their initiation. A third applica- 
tion of paleontology is made by the comparative study of species 
of a particular genus, or the genera of on order. In each genns 
there is observed to be a period of particular abundance before or 
after which there is more or less rapid diminution iu the number 
of species found. Thus the brachiopods, so abundant all through 
the Paleozoic rocks, present a definite order of sequence in the 
genera and families, relative abundance of species of which, irre- 
spective of specific names, is a reliable indication of geological 
age. The Cambrian is indicated by the abundance of its Obolidse 
and other inarticulate genera, the lower Sjilurian by abundance of 
Orthidte and Strophomenidie, the upper Silurian by numerous 
genera of Strophomenidie, Pentameridse and Rhj-nchonellidie, the 
Carboniferous by dominance of the Prodactidfe, the Mesozoic by 
dominance of Terebratulidse and absence of the Paleozoic tj'pes. 
So, too, the Cephalopods furnish a scale of families which present 
a natural sequence, the Urthoceratidfe, the Oouiatitida;, the Cerat- 
Itidfe, the Ammonitidte, and the dominance numerically of these 
several divisions at once testifies to the 1st half of Paleozoic, the 
2d half, the lat half of Mesozoic, the second half of Mesozoic, 
and absence, or almost total absence of each, to the Tertiarj' and 
Recent. 

Less is known of the succession of species in continuous series 
as indicative of order of time. The famous ease of the classifi- 
cation of the beds of the Lias by its Ammonites is a characteristic 
example. Oppel, Wright, Buchman and others have studied the 
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AmmonitiBB pecaliflr to each stratom and clasaified and dpfinetl 
aaccesaive zones thereby. 

The name applied to each zoDe is the specific name of the Am. 
monite peculiar to the bed, as 

Zone of Ammoniifs {Aegiiceras) planorf/it, the planorbis bed. 
>' " " " aiiguliitug, angulatus bed. 

And 80 on, bueklandi, tubercnlatu*, oblutu*, etc., beds. 

Although this is not the purely comparative method, bat is 
rather an extension of William Smith's principle of rect^nition of 
the beds by their foaeils, the comparative element is seen in th» 
succession of distinct species in sacceeding comparatively thin 
beds. The studies of Branco and Hyatt expanded the investiga- 
tion to a comparative study of the series of Ammonites of a single 
genus, and brought out thereby the exact laws of successiou of 
the several known representatives of the family and their relation 
to each other, showing unmistakable succession in series of forms, 
whose order can be accounted for only as genetic. 

Hilgendorf, in his famous study of the Fltin»rhi» of Steinheim 
and Waagen with the Ammonitei, Neumayr with the Piiludaiai, 
Homes in the case of the Cuiicellaria, have traced elaborately the 
paleonto logical series of forms of a single genus, illustrating this 
important principle. 

In the case of the Pliocene I'aludina* examined by Neumayr, a 
series from below upward was traced, which at the base exhibited 
a normal Pahidiim (/*. neiimat/ri) and the latest of the series, (P. 
hoerifti) was not only regarded as specifically distinct, but as the 
type of a distinct genus, Tnh.iomu. (See Neumayr, p. 57.) 

Prof. Hyatt has elaborately traced out all the known species of 
the Arirlidoi in the same way, and arranged the different forms in 
series exhibiting their chronological mutations. Waagen applied 
this term "Miitulioii' to the modification of form observed on com- 
paring the successive representatives of such series, to distinguish 
it from the modifications which are exhibited contemporaneously, 
and are defined under the terms "variation" and "variety." The 
series of fossil horses described by Marsh and Hnxley is another 
case in which the "mutations" reached a generic value. 

All through the field of t>aleontology may be found similar series 
of genera in which the succession is of such a nature as to suggest 
genetic relationship and to lead to the theoretical constmction of 
phylogenctic lines of descent. 
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Although it may be rightly objected that evidence is in most 
cases extremely imperfect, and in attempts to fill out paleontolog- 
ical series imagination has been freely used in flUing the gaps, 
there can be no question as to the immense value to gwAo^ of 
the knowledge already acquired in this highly theoretical part ot 
paleontology. 

It is the differences observed on comparing fossils coming from 
different borisona and different r^ioos that are of value in these 
detMminatioiu, and not the mimemcaf proportion of Identical 
ItawM, as in the Witliam Smith method of identifying strata. 

It is the direct interpretatitm of observed variation and muta- 
tion of organic forms into terms of the amount of geological time 
and the extent of change in eavironment. 

This comparative paleontology, to be accurately used, most 
deal with the finer details of form and strnctare, beoause the evi- 
dence of genetic affinity must be perfectly clear before the series 
can be depended upon as expressive of the true order of evolu- 
tion. 

A remark should be made here upon the limitalions to the ose 
of fossils as indicative of geological age. 

Granting the general propoaiUon that Uie differences exhibited 
by different species of the same genus are variations and muta- 
tions in the descendants of a common stock, still it ia not possi- 
ble to decide a priori what the rate of the modification may have 
been. , Certain modifications are undergone in a season during 
the ontogenetic development of the individual from the germ cell 
to the adult. In the same way examination of a large number of 
cases in different groups of the Animal Kingdom, shows that in 
many cases there is in the early stage of the life history of a new 
genos, r&pid expansion in specific modification, and later on each 
specific line appears to express only very gradual ' 'mutation" iu 
sespect of certain characters in which at its early stage it was 
definitely variable. In other words, upon studying the life his- 
tories of species there appears good evidence of an initial »tagt 
in which the species present characters in a plastic state; later 
these characters became fixed in each genetic line, and the species 
appear, on this account, to be more distinct in their characters. 
Hence the amount of difference exhibited Itetween two species 
will not arbitrarily indicate their distance apart in the genetic 
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Also different gfiDera exhibit differeot rates of mutation. It 
results therefore that the law of mutatioD must be studied sep- 
arately for each genus, and even then the accelerative effect of 
changed environment is not known, although it is within the 
reach of investigation. 

Another difficulty in the way of close application of these laws 
in determination of age is that n priori it is impossible to tell 
whetiier the differences exhibited by two closely allied forms are 
variftal and associated with changed environment, or mHlational 
and associated with the paleontological evolution of the race. 

The study of these problems must therefore be intimately asso- 
ciated with minute regard to atratigraphic sequence, Just as in 
deciphering a manuscript, the succession of the words is essential 
to a correct interpretation of the writing. 

The way in which the paleontolc^c record supplements the 
stratigraphic eWdence is seen in the fact that the paleontology- is 
capable of showing gaps or omissions, the length and nature of 
which cannot be calculated from the strata themselves. 

Another mode of investigation has been employed in which 
the modifications of a particular part of an oi^nism are made 
the subject of inquirj-. 

' The case of the toes of the ancestora of the horse, from the five- 
toed Eohippus to the one-toed modem horse, the camels, from the 
Foebrotherium of the Miocene to the Pliocene and recent Auch- 
enia, as shown in the bones and in the teeth, are examples. 

A typical illustration is the development of the sutures of the 
tetrobranchiate cephalopods. 

It will be remembered that the distinguishing feature of the 
cephalopod shell is its chambers, thus separating it from the 
shell of the gasetropod. The edges of the partitions forming the 
chambers where they meet the external walls of the shell, are 
technically called sutures. In the Nautilian shell, whether ex- 
hibiting a simple elongated cone as in Orthoceras, or a curved 
horn as in Gyroceraa or Cyrtoceras, or a close coiled shell as in 
Nautilus, the sutures are simple. In other groups of chambered 
shells the suture line is wavy, forming lobes and saddles or vari- 
ously crimped, as in Goniatites or Cemtites. 

These snture lines form a regular series which both in time of 
initiation and in the period of dominance express a simple law of 
evolution. 
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Ever^' geologist is familiar with tbe more apparent features of 
the series as seen in the genera Nnntxliit, Goniatitex, CfratiUt 
and Ammonites. 

The various degrees and forms of lobes and saddles are the 
basis of elaborate classifications and systems of names proposed 
by Beyrich, the Sandbergers and others, but up to the present 
time 1 think we have not a published classiH cation which recog- 
nize the fundamental law of evolution expressed in the series. 

In analyzing tbe forms ot suture, for my class in the History 
of Ui^nisms, I found the following simple law to exist. 

The various suture lines of the chambered cephalopod shells 
can be distinguished by the differences in d^ree of complexity 
of the crimping of the edge of the septum. 

Viz; (a> In the Ort/mceran and JV«n(iVinn type, the edge of the 
septum is straight, or tbe curving is not enough to produce more 
than a single oscillation of tbe suture line during its complete 
circumference. 

(b) Tbe Goniiitite septum presents a lobed suture, but the edges 
of all the lobes and saddles are simple. 

(c) In the third type the lobes and saddles are vorioasly crenu- 
lated. In the Ci-ratile the crenulation affects the base of tbe 
lobes, in HelicHu* the top of the saddles is crenulated, and in 
Mendlicoltin the lobes, the saddles and the connecting [>arta of 
the suture are crenulated. 

(d) In the typical Antni^Hi'tt, there is a tertiary crimping of 
the suture line, i. e. , each of the archiugs of the line correspond- 
ing to the crenulations of Mendlicottia is i^ain crenulated, form- 
ing a complexly foliate suture. 

(e) In the adult forms of Fi>iacocera» there is a still further 
elaboration of tbe crimping, the tertiarj' archingsof tbe Ammon- 
ite are again crenulated, forming a quaternary stage of cormga- 
tion. 

The series presents a gradual elaboration of tbe crimping of 
the edge of the septum, forming a suture line, Ist, »imple, 2d, 
primarily hibril. 3d, secondarily corrugated or the cremdaUd 
ti/pe, 4tfa, tertiarily corragated or the /oUaie typr, and Eitb, the 
quatKmary corrugations of Pinacoceras. 

In their historical bearings it may be said of this series that, 
1st. It is tbe order in which the various types make their first 
appearance in tbe geological series. 
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2d. It is the order in which the several types become domi- 
mtDt. 

3d. It is the order of elaboratioD in the ontogeoellc growth 
of the indiyidual. 

4th. It is the normal order of physical relation borne by the 
sevenl types to each other; each tj-pe is a physical elaboratioD 
of the next preceding type. 

The convolntions of the sntore are crimpinga of the tiAfgo of a 
more or less flat disc — the eeptum— and theae amToInttoBs ue 
the simplest mode of adjnstment of the edge of »axA\ a disc, 
whose cironmference increases more rapidly than ite radius. 

Assuming this sutural feature to be the only difference in- 
volved in the comparison of the several types, it would be cor- 
rect to state that it would be physically impossible for the Am- 
monites, septum and suture to be formed without passing through 
the stages represented by the Nautilus, Goniatites and Ceratites. 
In other words the exhaustive analysis of this one element of 
structure of cephalopod shells shows us that the actual history 
of the organisms has been exactly that which a aerial classifica- 
tion on the basis of differences of this part would suggest, but 
tliat no other classification or order of succession could take 
place by natural descent. It is unnecccssary to speak of the 
value of such series for purely stratigraphical purposes. 

It is but one of a great many such mutations to be discovered 
in tlie study of comparative paleontology. The general law in- 
volved is this: in a series of genetically related forms in which 
the .later representatives present a character which is but the 
physical elaboration of that found at a much earlier ati^e, there 
is implied the presence in the intermediate formations of species 
in which the character is in an intermediate st>^ of develop- 
ment, and of a continuous series connectiug the extreme forms. 

I have thus far spoken of the general scope and application of 
comparative paleontology, I might cite many cases in which 
particular problems have been settled by the use of these methods, 
and refer to the works of Neumayr, Waagen, Kayser, Barrois, 
Gosselet, Freeh, Tscberneyschew, and others in Uarope, to the 
investigations of Hall, Whitfield, Whiteaves, White, MaiBb, 
Cope, Walcott, Herrick, Hill, Prosser, Keyes, Clarke, and of 
Meek, who was one of the keenest of our earlier paleontologists. 
And there are many extremely valuable special investigations 
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lik« those of Agossiz on the echiuoids, Hyatt on the cephalopoda 
and tho§e of their foUowera, Jackson, Beecher and otheis. Bnt 
at the present time it will be impossible to apeak of them, even 
w«Te I able t(> do them Justice. I will, however, b^ your attention 
to a series of paleontological investigations, with the details of 
which I am more familiar, and the steps of which are more or leas 
related to each other, and have, collectively, resulted in throwing 
considerable light uponthegeolt^y and ge(^;raphy of the Devonian 
system. Asl havealrea^ly said, the Devonian system was originally 
founded upon purely paleontological evidence. The question as 
to the lower limit of the Devonian in this country' has been a 
purely paleontological problem, and the reason for including the 
Oriakany in the Devonian is because the fauna is more closely 
allied to that of the Looe and Cornwall slates, the tiedinnien and 
the Coblentzien formations of Kurope, than to the Silurian faunas, 
and presents a lai^r proportion of species which connect it with 
the Comiferous faunas above than with the Helderberg below. 
(See Hall's list of species in 42d Annual Report of New York 
State Museum.) 

The correction of the "Chemnng" of Iowa and Missouri and 
the adoption of de Vemeuil's earlier interpretations of the Car- 
boniferous (^ of the fanna aa perpetuated in the Kinderhook 
group, was settled by the evidence of fossils. 

The Hercynian question of Euroife was debated on paleontoli^' 
ical, not stratigraphical grounds. 

In 1881 the minute study of Sjitrlftm Itrvi' leadiug to the pre- 
diction that the character by which Davidson distinguished the 
lower Devonian Spiri/em cJtnata from the Carboniferous Spiri- 
Jera glabra would be found upon the higher form as well, which 
afterwards Davidson confirmed, was the first step toward dis- 
ttnguishing the fauna of the upper Devonian of eastern America 
from the middle Devonian fauna as to its origin. 

The suggestive fact in this case was that this rare American 
upper Devonian apirifer was more closely allied morphologically 
to a common lower and middle European species than to any pre- 
-ceding American form. This thought led to a thorough dissec- 
tion of the Devonian faunas of New York and neighboring states. 

The series of sncceBstve faunas along a common meridian were 
tabulated and compared. The sections were made parallel to each 
other and near enough t<%cther to make it possible to compare 
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corresponding zones of the several series. By this method the 
law was established that tlie coDiposition of a fossil fauna changes 
on passing geographically from one place to another. Upon 
tracing single species across these sections it was learned that the 
mutation of the species, not only may be' recognized on passing 
vertically upward through a continuous section, but that the more 
direct lino of succession was often deflected .laterally so that tlie 
immediate successor of a particular fauna of one section was 
found not directly above it in the same section, but at a h^her 
horizon in a section ten or twenty miles distant. This ski/ting of 
fauHH* was taken as actual evidence of migration and was inter- 
preted OS the result of osi/illations of level. 

The examination of the remarkable fauna of High Point, at the 
southern end of Canandaigua lake (the locality of which was first 
shown me by Mr. J. M. Clarke), furnished me with still further 
clue to the solution of the origin of the faunas. ] recognized, at 
once, upon seeing it. that it was related to the Iowa Devonian, and 
differed widely from the typical upper Devonian of New York, in 
the midst of which it lay. 

Further analysis of the fauna led to the discovery that the 
species peculiar to it apparently liad their ancestors in the middle 
Devonian of Kurope rather than in any middle Devonian of Amer- 
ica. With this stage of pn^^as I examined the fauna peculiar 
to the Tully limestone. Much confusion had been thrown about 
it by the publication of a large number of species as -'known" 
Tully fossils. Special search was made in original localities with 
the result of eliminating a large number of reported species which 
were found immediately below the true Tully limestone in the cal- 
careous termination of the Hamilton, where the typical Hamilton 
fauna is very abundant, and the true fauna which I described a» 
the Cahiiiilet faumi. was carefully compared with that of every 
locality in the world of which 1 could find report of its presence. 
The resalt showed that in eastern A merio* where the Tully ap- 
pears, the fauna of the Cuboidcs zone begins abruptly, and from 
it upward, all through the upper Dcvonia)), is a fauna closely re- 
lated in its species with the upper Devonian of Europe, Russia. 
Siberia, China and British America, and down as far as Iowa in 
the interior, the Nevada Devonian also showing close affinities 
with this type or fauna. 
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Bnt in Europe, where the statistit^s are abundant and clear, and 
so far a§ evidence bore upon the fact, also in Russia, Asia, and 
British America, the Oaboides fauna is the natural successor of 
the middle and lower Devonian of thosp regions. 

Mr. Whiteaves, in his recent studies of the British American 
Devonian along the McKenzie River valley, adds man; points of 
conflrmation of thin view, as in some species like Strhigoifphnhm 
Buriini. which had not heretofore been known in America, but 
were characteristic of certain middle Devonian of Kurope. 

These purely paleon to logical investigations had proved, with a 
high degree of certainty, that, relatively speaking, the Tully 
limestone marks a chronological point in the strata which within 
relatively small limits may be said to be chronologically and not 
merely taxonomically the same as the Oulxiidea zone of Kurope 
and Asia, and, second, that the upper Devonian faunas of these 
several regions arc more closely allied than the typical upper De- 
vonian fauna of New York is to its typical middle Devonian fauna 
of the same area. 

This is a very important conclusion, and the principle involved 
is of vast importance in further studies of comparative nature. It 
makes necessary the tracing of the geographical distribution of 
species in order to get accurate data for the interpretation of their 
geological succession. 

As conflrmation. however, of the above conclusion, there has 
recently appeared a paper by ii^teinman and ITIrich on the ' 'Devon- 
ian fossils of Bolivia," in which we are shown the origin of the 
middle and lower fauna of New York and eastern America. 

By the comparison of the Devonian faunas of Bolivia, the 
Andes, Brazil, Falkland islands and South Africa, Ulrich reaches 
the conclusions as to their natural affinities with each other, and 
with the lower and middle Devonian Faunas of eastern North 
America, and as remarkably distinct from the corresponding 
faunas of Europe and northern Asia. 

Not only does the presence of peculiar species link together 
these several regions and separate them from the northern set of 
regions, but some of the more characteristic species of the 
southern hemisphere type, as Vilulina and Lfptocrlin, are abun- 
dant and common to many localities and of higher range in the 
southern hemisphere and are rare or confined to lower horizon in 
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the Appalachian Devonian of North America, thna indicating 
their extra-limital range in the latter region. 

In the determination of the genetic affinities of the faunas of 
the eouthem hemisphere with those of the lower and middle 
Devonian in North America, jast as in the tracing of the affinities 
of the TuUy limestone fauna and upper Devonian, it ia not the 
identity of species or the majority of species in contrasted region* 
that plaj's the greatest part, but it is the testimony of the some- 
what isolated forms, whose local distril»ution is traceable, and 
also by the breaks in successive lines of species which are asso- 
ciated together as races, though the species at each stage or in 
different r^ions may be described under different names. 

In the study of the Cuboides zone, it was such species as- 
OrthU tulfiemit, Stntpkoihinta mucroiiata vnr. litlUi'niiU, Rhyn- 
chow-lla veiiustiilu, which told the tale, each differing speciflcally 
from any European species, but belonging to races, which in 
Europe had representative species extending from the Silurian 
through the Devonian into the Carboaiferoua system, but in the 
Appalachian region lacked representatives in the middle Devon- 
ian, though well represented in the upper Devonian of New 
York, and were represented also throughout the Devonian deposits 
in the Nevada and Iowa areas. The continuance of the Euro- 
pean type above this zone in the Appalachian region was also tes- 
tified to by such species as Spin/rra /imh'» and Spirifrra iHt- 
jimcta, I'roJitctut ilinsinti/iK of Hall {ballinnu* of Waloott), 
Orthia impri-tsd, Rhyiickoiicllii pugiiu» and others, which are well 
representeil in the fauna above the Cuboides zone, but have no 
forerunners in the Appalachian higher than the lower Helderberg 
(in rare cases seen in the Corniferous), while in the European 
faunas there' are connecting species all through the middle De- 
vonian, thus pointing to a change of fauna, not by extiiictinii of 
the species, but by migrafion from one region to another. Jnst 
as the presence of the bones of Myfodmi, Megnloiiyx, and the 
tapir in the United States, now extinct in North America, indi- 
cates a former extension of the South American living fauna of 
mammals into this continent. 

It was by a similar method that Dr. Ulrich traced the historical 
relations of the Hamilton fauna of the Appalachian province in 
eastern North America to the southern hemisphere. In hia de- 
scription of the Bolivinn fossils collected by professor Steinmao, 
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he rnkde compsriaon not only with the epecies, but with the 
faunas of Brazil collected by Hartt, Derby and Ratbbone, and 
of South African and Falkland islands' faunas described by Salter 
and Sharpe. The moat striking evidence of the affinity of these 
several faunas was derived from the study of three rather abun- 
dfint genera of brachiopods; Leptneirlin. Vilalina and Tropiilo- 
leptiu, genera which I would describe as old type genera for this 
Devonian period, i. r., preserving the form and general charac- 
teristics of the lower Silurian Orthldae and Strophomenidae but 
assuming the later character of calcified brachial supports of the 
TeTebrntalat and Hpiri/i-ridw. This is the case for at least the 
first two genera, and Tri>pi\li>irptuii possesses the punctate structure 
characteristic of the Terebratulas. 

Dr. Ulrich observes that Lrptocrlia is found iu North America, 
particularly in the eastern part, in Bolivia, on the Falkland islands 
and in South Africa, but not a single trace of it has been reported 
from the Devonian deposits of the other regions, Europe, Asia 
and Australia, and that the South African and South American 
species reach larger dimensions than those of North America 
(pp 62, 63). 

A point bearing upon the general discussion, which Ulrich <Ud 
not observe, is the fact that this Lcptoccelia fauna extended 
northeastward as far as Quebec, Maine and Acadia, and in this 
region is the terminal marine fauna of the Devonian. There was 
evidently a barrier already separating the European sea from that 
of the Appalachian region, and the connection with the South 
American faunas was by the southwest This .in some measure 
may account for the conspicuous absence of characteristic Euro- 
pean types in the Appalachian Hamilton faunas. 

In regard to the geaiiti Vitiilina, Dr. Ulrich remarks that it ap- 
pears in America, but is there a rare species in the later Hamil- 
ton, "White" he says, -'it is in South America apparently present 
in each of the hitherto discovered Devonian regions," viz., the 
province of Para in Brazil, as reported by Ratbbone in Coati 
Island, Titicaca lake, according to Agassiz and Gannan, the 
province of Sao Paulo, reported by Derby, Central Brazil by 
Smith, and in Bolivia, in several localities, by Steinman, South 
Africa, Schenk, (pp.73, 74.) But it is entirely wanting in' 
Earope, Asia and Australia. These facts show the type to be 
peculiarly a southern one, but it may still further be remarked 
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that the VituUna is in America isolated and above the horizon of 
Lcptoi-ieli'i , whereas in the Bolivian region it is not only associated 
with Lejitocoelia, but is common and appears also in other appar- 
ently higher zones in association with TropidoUpins, which later 
in South America is not found associated with Lrptortelin indicat- 
ing that the North American appearance of the type is extijfi- 
limital and later than its greatest dominance in South America. 

Tr-ipidoleptu* shows a different history. It is seen in Europe 
as well as North and South America and Africa, but in North 
America it is associated with a southern origin, for while it is 
particularly a Hamilton species and of the Appalachian province 
chiefly, it runs up into the upper Devonian of eastern New York, 
and is seen above the Cuboides zone. But it is wanting in the 
Mackenzie river baain fauna (Whiteaves. "The Fossils of the Dev, 
Rocks, etc., 1891), which is the Devonian of European- Asia. In 
the European fauna it seems to be conSned to a lower horizon, 
the Cublenzien of Europe or the Looe slat«s, while in America it 
is more characteristic of the higher part of the Hamilton, and in 
Central New York is even a Chemung species.' It is reported 
from Illinois and Iowa, but is evidently a rare form in those 
faunas, and in Nevada, where it is in the lower Devonian as it \a 
in the European faunas. Thus its range in the Devonian deposits 
of the Appalachian region points to its association with the 
southern faunas and migration with them after their general 
separation from the European faunas, whose connection with 
North American areas was by nay of Asia and across the Pacific 
basin after the close of the Silurian, rather than by any connection 
across the Atlantic basin. 

The other species cited in Ulricli's paper on "Fossils of Bolivia" 
support the same conclusion that there was a close relationship 
existing between the Devonian faunas of South America and 
south Africa and the fauna in the Appalachian trough, reaching 
as high as the Hamilton formation, and that this general fauna 
was distinct from the En ropean- Asiatic faunas of the same period. 
This differentiation of the lower from the upper Devonian faunas 
occurring in the Appalachian region, and tracing them to centres 
of geographical distribution in opposite hemispheres of the globe, 
throws tight upon certain other important geological problems 
concerning the Devonian deposits of North America. 

As we follow the elaborate scries of Devonian formations of 
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New York sonthwestward across Peansylvaiiia, Ohio and Kenr 
tncky, we grsdnally lose the separate members, and black shales 
beoome coii8{uciiodb in their places, and in Tennessee there is but 
a thin black ahale to represent this whole interval, and in northern 
Alabama scarcely anything separates the Silurian (in some cases 
lower Silurian), from the Carboniferous resting unoonformably or 
even conformably upon it. Similar conditions are seen in north- 
ern Arkansas, where, about the Ozark uplift, the erosion of the 
Silurian terrane is such that at the comer of Illinois, Helderberg, 
Oriskaoy and even traces of Hamilton are left in place, while 
further west, the latest is Helderberg, or Niagara, or Trenton, 
and at extreme points magnesian limeatone was the surface rock 
when the black shale was deposited, to be immediately followed 
by typical Carboniferous fossils. 

In Texas we find a simitar cutting out of the Devonian, and 
more or leas of the upper Silurian and the Carboniferons follow- 
ing the interval. 

These facts point to an elevation sulBcient to occasion extensive 
erosion toward the southwest, followed by depression, which gave 
occasion for the deposit of the black shale over extensive areas. 
If we are correct in tracing with Ulrich his Bolivian Devonian 
faana to South Africa and recoguizing it in the lower and middle 
Devonian faunas of the Appalachian area of North America, and 
in inferring, as I have suggested, that the change in fauna at the 
close of the Hamilton in New York was associated with the ar- 
rival of the Cuboides fauna ioto the Appalachian region, and thus 
that the upper Devonian ia distinctly a Uuropeau- Asiatic fauna 
aad connected with it acrosa the Paciftc down the Mackenzie 
region, it is evident that the time of the change of these faunas 
corresponds with the time of the geologic events in the southern 
central part of the United States, above referred to. The eleva- 
tion which occasioned tho erosion did not take place till the Ham- 
ilton period, and the depression and deposit of Black shales 
followed the incursion of the new fauna, or was, in part, contem- 
poraneous with it. 

The erosion ceased and the deposition began in the south later 
than in the north, as is indicated by the fuller representationa of 
the separate deposits at the north than at the south, also by the 
smaller amount of the deposits, as indicated by the gradually 
thinning black shale on patHing from Uhio across Kentucky to 
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Teonessee and Alabama. It was as early as the age of the Oris- 
kany that the separation of the typical soatbem from the typical 
northern faunas took place, and in the extreme northeastern ex- 
tension of the Appalachian region, the Acadian province of Maine 
and New Bninswick, we observe that this is the highest marine 
fanna reached in the Devonian. 

Elevation evidently shat out access to the sea for this r^ion. 
It is from that time on that the fannas of the Appalachian region 
present their essential relation to the southern hemisphere fannas, 
and show the absence of the typical European fauna. We assume, 
therefore, that a barrier was rused that shut oft connection with 
European regions <inring the lower Devonian. The elevation to 
the south took place somewhere near the close of the Hamilton, 
and the theory wc propose is that an elevation such as to divert; 
the currents, bringing in first the Cuboides fauna from the north- 
west and finally replacing entirely the Hamilton by the Chemung 
as far east as New York is the reasonable explanation of the 
facts. 

The interesting point is that the testimony of the migrating 
fauna chronol<^cfilly agrees with the testimony of the oscillation, 
as recorded in the deposits. 

All along the southern limits of DevoDian exposures ia the 
United States there is indication of an oscillation upward and then 
downward between the Hamilton and the beginning of the Car- 
boniferous. 

The succession of faunas in New York indicates a change at 
the close of the Hamilton from a fauna whose closest affinities 
were with the South American faumis, Ui a fauna whose earlier 
stages were seen in Iowa, Nevada and the Mackenzie river, and 
whose afllnitiee were with the Asiatic and European Devonian. 

In Arkansas and Tennessee the faunas of the Block Shale indi- 
cate that the first marine fauna to appear after the elevation and 
erosion are of an age as late as the Cleveland shale of Ohio, i. r., 
the very terminal parts of the Devonian or beginning of the Car- 
boniferous. This event, it will be noticed, is associated with 
that general elevation of the continent, beginning in the northeast, 
which is expressed by the cessation of marine faunas, and ter- 
minating in the Coal Measures and the Bnal elevation above the 
surface of the great mass of the continent east of the Mississippi 
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Thie illastrates the general law of the close relatioDship between 
the fossil fannas and their environment 

Jnst as the geologist knows bow to interpret the fineness or 
coarseness of sediments into relative distances from a shore line, 
so the paleontol<^ist is able to see in the shifting of fannas and 
the comparison of species evitlences of elevation or depression of 
the marine bottom, which upon reaching sea level prodnced often 
the diversion of ocean currents and consequent modification of 
faunas. By the comparison of extinct faunas he learns to recog- 
nize the continuity or the discontinuity of the conditions of en- 
vironment such as mark geographical areas of distribution of 
living animals. The fossil faunas, their modifications and their 
migrations, as indicated by presence, absence, rarity, abundance, 
size, variation, or mutation of their species, are the sensitive evi- 
dences of changing geological conditions upon which the geolo- 
gist must depend for tying together his disconnected facts. 
Fossils have too often been regarded as only marks for distin- 
gubhing the different geological formations, but the scope of the 
paleontology of to-day is far wider. The modern conception of 
the evolution of life has made paleontology the science of the 
Siitory of Organitmg. And it is because fossils exhibit In mor- 
phological characters the evidence of the ancestry through which 
they have arisen, and of the conditions of environment through 
which they have successfully struggled, that they we of such 
paramount value in all geological Investigations in which the ele- 
ments of time or the order of sequence of events is concerned. 
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PerhapB there is no more important or more interesting question, 
at present debated, relating to the iron ores of the Northwest, than 
that of their origin and their stratigraphic relations. From an eco- 
nomic standpoint, no less than from a scientific, there could be no 
more important qnestion, for it is not until the geological relations 
and origin of tbeseoresare understood that proper methods of min- 
ing them can be entered upon, and with the least expense. It is 
because of recent studies in the field, adding some new facta to 
the solution of this problem, or complJcsating it by the injection 
of some new conditions, that the writer desires to review tbe ele- 
ments of the problem and to show the ditflcultiee that jet lie in 
the way. It will be well to enumerate briefly the hypotheses that 
bave been propounded recently, as an introduction to this discus- 
sion. There are five. 

1, Huhslitution for litnrslvne. Microscopic examiDatlon re- 
vealed the existence of remnants of calcite, or dolomite, iu some 
of the ' 'cherts" accompanying these ores in some places, and after 
long research the late professor Irving arrived at the conclusion 
that the whole body of the ore horizon was originally in the form 
of a limestone essentially, a "eherty carbonate," simulating in ori- 
gin and essential characters, the black-band ores of the Carboni- 
ferous. This inferentially led to the Idea of a great primordial 
^carboniferous age. 

2, Siilitlitatiun for carbonate of iron. Owing to the frequency 
of such a change observed in nature, it was but a short step to 
suggest a carbonate of iron instead of a carbonate of lime. This 
would more readily supply the iron, which must be explained, 
than carbonate of lime, and at the same time would only require 
a slight change, if any, in the nature of the original rock, and in 
the conditions of its deposition. 

3, Concentration of iron nxiilt from the decay of ferriftrott* 
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ichUU, or other nick. When rocks decay, it makes but little 
difference wbat they are, they put with their contained iron. 
Jt may go off in solution, if the proper acids be present, and be 
gathered aa otide nnder ordinary natural drainage and weather- 
ing, in considerable quantities, on the evaporation of the solvent at 
^me lower level. This process has been su^;ested as the possible 
cause of the accumulation of these ores at the stratigiaphic hori- 
zon where they occur. 

4. AccumtUation in trough* formed by i/j/ket cutting tilted strata 
at a tomeiohat uniform inclination, the iron itself being supposed 
to have been carried down and deposited by ferriferous waters, 
replacing a supposed "cherty carbonate. " This hypothesis in- 
volves the same conditions and processes as No. 1 above, but also 
gives exploDsUon of the location of the supposed ore lenses. At 
the same time it involves the decay and concentration in a definite 
rock horizon which is demanded by No. 3. 

B. Dr.potition from oerame lolufion at the time of ihe 
formation of the rockx auoeiated. That the iron ores of the 
Keewatin age were deposited from solution, baa been interred from 
their association with rocks whose composition requires the 
cotemporaneous action of eruptive forces — but which are Strati- 
fied by oceanic agency — such emptive action causing chemical re- 
actions that would result in the precipitation of iron and silica. 
This hypothesis has been applied by the writer also to a portion 
of the Mesabi ores, viz., such as are embraced as somewhat ir- 
regular (wandering) strata in the lower portion of the formation. 
Such may be either hematite or magnetite. It may perhaps be 
extended farther than has been proposed. 

Some facte of the manner of occurrence. 

The Mesabi iron range extends, within the limits of Minnesota, 
a known distance of more than 150 miles, and it is iron-bearing 
through its whole extent It commences at the west end of 
Oanflint lake, on the national boundary, and has been partially 
explored southwestwardly as far as the Mississippi river near the 
falls of Pokegama. The iron horizons do not fluctuate in their 
stratigraphic positions. The iron varies as the character of the 
accompanying rock varies. It is a duplex range and embraces 
ores of two distinct origins and kinds. 

The more southerly portion of the range, which is made up of 
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gabbro hills, coDtainB large deposits of titanic magnetite, and 
this may be dbmissed with the statement that this ore is at present 
not used, and of little economic concern. This discnasion ^per- 
tains wholly to the more northern belt where the recent remarkable 
developments have been made. This northern belt embraces non- 
titanic magnetite and hematite as well as limonite and gcetbite, or 
"yellow oehre," as it is sometimes denominated by the miners. 
The magnetite thus far discovered is not of economic importance,' 
compared with the hematite and g<ethite, bat there are explora- 
tions now being made in some of the magnetites which promise 
to become perhaps equally valuable with Ike h^natitea 

The non-titanic magnetite is found in the eastern portion of 
the range and at a lower horizon in the strata than the hema- 
tites, and when it is represented in considerable amount there is 
little or no hematite in commercial quantities. It is sometimes in 
close asaociation with the gabbro containing titanic magnetite, 
and it is a reasonable hypothesis to refer the magnetic qualitj' to 
the effect of the heated gabbro on the original ore, concentrating 
the iron by the expulsion of some of the oxygen. Still there is a 
trace of magnetic ore further west. It ia there found in lean, 
iron-bearing rock, and occupies belta of a few inches which pass 
tbroagfa the rock in a rather peculiar zigzag or wandering fashion. 
But still further west the Pewabic quortzyte, which is the horizon 
which holda the magnetite in the eaetem end of the range, is 
again regularly iuteretratificd with magnetite in considerable 
amount, and as auch it tiaa been explored for commercial uses. 

Hard hematite is found in the Mesabi range, but it ia rather as 
an accidental appendage of the soft hematite, and usually it 
grades into low-grade ore and is discarded. 

Hard limonite ia found in larger qnantities than hard hematite. 
It is apt to be impure, and it occurs in somewhat the same man- 
ner as the magnetite — t. c. , it branches and permeates a rock bed 
irregularly, though frequently seen in distinct nodules and in 
vugs when it is found to be a valuable ore. 

The hydrated oxide, however, in the form of goethite is quite 
abundant. Some shipping mines will depend laigely on this ore. 
The ore is iu the form of ocbre-ycllow powder, or small masses 
easily reduced to powder. It is found only in the region of the 
recent new developments, in the western portion of the range. 

Soft hematite, however, is the ore for which the "Range" will 
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be celebrated. This has recently been diacorered ia indeflaite 
and almost incalculable amounts. It is generally amorphoos, bat 
in lumps, frequently as if a breccia of some sedimentary rock, 
easily cruBhed, and it also exists as a granular powder, finer than 
mustard seed, and can be mined by the simplest methods. The 
plans now being entered upon for excavating it only require a 
■team shovel and a rulroad train. 

Slraligrapkie relatloui. 

The h(»iBon in which this ore occurs is that which has been 

^ identified as Taconic, or primordial. The strata have a gentle 

dip toward lake Superior, and a uniform strike from one end of 

the range to the other. The strata are as follows in descending 

order, omitting minor variations. 

1. Black slate with interbedded sheets of eruptive materials 
which are widespread and non-amygdaloidal. 

2. Oabbro out-break. Titanic ore horizon. The line of this 
.outbreak is found not to follow the present northern strike of the 

hematite ore horizon, but to encroach upon it, giving bard ores in 
the eastern end of the range, while toward the west its line of 
outbreak turns more southerly, passing the head of lake Superior 
at Dulntb, but apparently forming a bed of conglomerate and 
breccia along the ore belt, noted at various places between Gun- 
Bint lake and Pokegama falls. 

3. A peculiar siliceous rock, partly jasperoidal, partly of hard 
hematite, or hard limonite, sometimes conglomeritic and brec- 
ciated, chertj-, flinty, usually gray, sometimes partly black ot 
purple, and, toward the west, kaolinic, toward the east holding 
some magnetite. Altogether this is a non-descript rock, which 
sometimes is fifty feet in thickness, but so far as developed near 
the mines is less than twenty. It is a pretty conetant rock and 
when the ore is absent it lies on or varies to the Fewabic quartzyte. 
This is the horizon of the hard hematite, hard limonite and of 
some of the non-titanic magnetite. In Bome way not yet fully 
determined it is associated with the next. It is not yet certain 
that all the soft ore is derived from a change of this rock to ore, 
but it is very certain that in some cases this rock is converted to 
ore. It overlies, apparently, the chief ore body of the range, or 
its lower portion is changed to ore. 

4. The chief horizon of soft hematite. The greatest thickness 
this bed has yet been found to exhibit is 105 feet. In the midst 
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of thiB ore are found sometimes irregular masses of rock like No. 
3, as if remnants of that stratum not yet converted to ore, while 
some strata of soft ore are found also in the midst of No. 3. 
Not enough working has been done yet to reveal all the relations 
of the ore to No. 3. 

5. Pewabic quartzyte. In the near vicinity of the gabbro foci 
this is remarkably modified. Originally probably a chemical 
oceanic precipitate in its upper portiou it is consolidated to a vit- 
reous qoartzyte, but at more distant points it is composed of dis* 
tinct rounded grains. The upper portion is in the form of chal- 
oedonic silica (so-called), a phase which e:ctend8 westward, with 
modifications, so far as observed, at least to town 60-13, On 
the other hand this quartzyte becomes leas siliceous, having a 
feldspathic element, and even an olivinitic constituent, and some- 
times large hornblende crystals embrace the quartz grains in a 
common matrix. When olivinitic it is also magnetitic and con- 
stitutes an important iron ore. In some places farther west, near 
the Mississippi river, is a quartzyte which is evidently the same, 
regularly interbedded with magnetite in thin alternations. 

6. Conglomerate. This is simply the base of tbe quartzyte, 
and takes on the character of the older underlying rock. When 
it lies on the greenstones its cementing matrix is green, when on 
the granite it is more siliceous and lighter. 

Northward from the strike of these strata extends the Arcfaiean 
complex, embracing tbe rocks and ores of the Vermilion range 
and the foregoing beds lie unoonfonnably on tbe upturned 
edges of the older rocks where the two formations come into 
contact. But, wherever tbe highland spurs of the older rocks 
extend further southward, the primordial strata sweep about 
their bases, dipping in opposite directions on opposite sides 
of the spurs. They occupy no constant level, which might be 
considered an oceanic shore line, but they seem to exist where 
erosive agents have not been able to remove them. Hence they 
may have extended formerly much further north. It happens, 
however, that a range of granitic hills, the Giant's range, occurs 
but a short distance to the north, and sometimes the strike of the 
Taconic is coincident for some miles with the southern base of 
this range. In other places a belt of "greenstone," which, how- 
ever, is itself rather rough and rises nearly as high as the granite 
hills, intervenes between the Taconic and the granite. 

It is evident that tbe present surface contour ia but a poor 
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gaide to the stratigraphist in attempting to determine the relative 
ages of ttiese terranes, for the aarfaoe mtut have Buffered a pro- 
found degradation. The gabbro rock, which ia by all conceded 
to be an irruptive rock, shows no sign of ever having outflowed 
' at the surface of the earth. It is not bedded by am^daloidol 
partings, nor has it, so far as known, any variable texture due to 
contacting with other older rocks. Yet it comes into contact 
with various older terranes, having crowded backward upon them 
while yet confined within the crust of the earth, without reaching 
the surface. It has been seen overlying the Pewabic quartzyte, 
the Keewatiu greenstoue and the granitic rocks of the Giant's 
range, but maintaining everywhere a coarse and crj'stalline texture. 
It seems as if the irruptive movement must have been very clow, 
and that it progressed not forcibly, but as rapidly as the heating 
of the adjacent rocks rendered them more flexible. Subsequent 
to tiie molten invasion the surface degradation took place reveal- 
ing the deep-seated contacts which we see. It has been the 
writer's opinion that this event of the irruption of the gabbro 
look place immediately after the deposition of the Pewabic 
quartzyte, based on the interbedding of that quartzyte with a 
rock resembling the gabbeo, and on the observed immediate over- 
lie of Uie gabbro on an extensive area of the quartzyte. This 
observed overlie, however, loses its importance when it is learued 
that the gabbro also overlies the Keewatiu and the cryBtalline 
granite of the Giant's range, and the date of the disturbance will 
have to remain, as heretofore, not definitely established. 

Id farther considering, however, the Mesabi iron ore, certain 
problematic diflSculties appear in the way of accepting any of the 
proposed theories for the origin of the ore. These may be 
enumerated ; 

1. There is no limestone known in the region, which could be 
considered the parent rock giving rise to this ore by a process of 

' substitution, nor has there been any struck by any of the diamond 
drills that have recently been driven through the ore 'horizon. 

2. There is no known horizon of spathic iron which can be con- 
sidered to have been converted to oxide. 

3. There is no dissemination of carbonate of lime in the form 
of calcite, such as to indicate that the ore may have resulted from 
a substitution of iron for lime. The sparse mingling of minute 
fragments of calcite crystals, in microscopic sizes, with the silica 
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of the chert, in some of the less femiginouB jiartB of the forma- 
tion, is hardly sufficient to aoooKBtlor such a vast deposit of imn 
OJ&. it e w ms TiketriQing with the problem to appeal to such a 
cause for the ore. 

4. As lo coacentration by decay of ferruginous schists — tlie 
process seems to have been the reverse, viz. , from the ore has 
been diffused iron oxide thioagh non-ftormginous sehists, so that 
for several feet from the ore the surrounding rock ie stained a vw- 
milion or brownish red. This has not only affected some of the 
green schists, but also some of the underlying quartzyte. And 
again, on the theory of ferruginous concentration from schists, of 
from any rock; it is necessary to explain the singular fact — singu- 
lar under that hypothesis — of the occurrence of the ore always at 
the same stratigraphic horizon in the same formation. Why 
should not this ore accumulate, at least sporadically, at some 
lower or slightly higher stratigraphic horizon? Here we find It, 
for 150 miles, maintaining its position in the series as constantly 
as any of the beds that are associated with it. 

5. The absence of dykes of irmptive rock. These have been 
supposed to have played an important role in the concentration of 
the hematites of the Penokee range, on the south side of lake 
Superior. Yet, on the north side but one such dyke has been 
discovered, and that is in the eastern extension of the iron range 
where, notwithstanding a year's costly exploration in the vicinity, 
no hematite has yet been found in commercial quantities. At the 
western end of the range, where the recent discoveries tiave been 
made, not a single dyke has been discovered. Further, the strata 
that enclose the ore are not impervious, and could not form 
troughs, by any combination of dyke and dip, but the underlying 
rock is a loose white sandstone. It has sometimes become deeply 
stained by the downward percolation of surface waters carrying 
the ore mecbanicalty amongst its rounded grains. 

6. Thereis anapparentextensivechangeintherockof tbecoun- 
try. The details of this change cannot be given here. As one 
stands at the brink of one of the excavations and sees distinctly 
a sweep of plainly originally sedimentar}' layers, across the face 
of the cut, manifesting all the usual characters of sedimentation, 
and reflects that the strata which he now beholds consist of bes- 
semer hematite, slightly brecciated, soft, easily mashed, he is 
driven to one of two conclusions — either, first, that the ore was 
deposited as a constituent part of a sedimentary series, or second, 
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^at it is the result of some grand aubstitution process by which 
.'hematite has been made to take the place of the original sedi- 
-ments. Tfaem are besides nnmeroua minor evidences of some 
•transition in the rock from itt origiftal e umpo si t i q a tn hfi— >itr,Tir 

(a) Sometimes a gradual encroachment of a hematitic colora- 
tion from the outer portions of a block, or layer, upon a gray or 
bine central area. 

(b) Sudden . coAsaition of a band of bematitic coloration at a 
fissure which evidently the waters produciog the coloration could 
not pass, and the passage of the same waters, as shown by the 
narrow streak of hematite in the flssure, down the fissure away 
from the band before affected, leavii^ that portion on the 
-other side of the fissure unstained — while at the same time the 
sedimentary banding of the whole rock sweeps nnimpaired across 
the whole face, from one side of the fissure to the other. 

(c) There are larger areas where, as revealed by some of the 
-shallow shafts on the western end of the Mesabi range, there is 
an abrupt change, horizontally, from rock to ore, the separating 
Jine being distinct for a perpendicular distance of at least two 
feet. In other places in the same shaft the ore and rock encroach 
irregularly upon each other. In these cases the ore is soft red 
hematite. If the process of substitution were now going on it 
would be reasonable to expect the oxide would be bydrated, es- 
■pecially as such transition is within a few feet of the surface and 
«Bsily accessible by atmosi^ieric waters. 

(d) Not only is the rock changed in litu, but as breccias and 
gravels large deposits are found in which the pebbles, rounded as 
in a river current, or on an ocean beach, are converted to hema- 
tite. Such pebbles were rounded while still rock, and were sub- 
sequently converted to hematite. This is evinced by the varying 
texture, and concentric structure which change somewhat regu- 
larly from the surface to the centre, the outer crust being dense 
and the central portions being vesicular. Whether such pebbles 
appertain to the rocky strata, or are of the age of the drift, bas 
not as yet been determined. 

Sumf necrtsary postu/ates. 

Notwithstanding it seems inadmiasable to adopt any theory 

proposed thitherto for the origin of this ore, and that we are not 

qualified to propose a new one, there are some important facts 
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which mtiat be taken ioto account when Che true explanation is 
discovered. These facU, which are based on observations made 
partly daring the present season, may be set down severally as 
postulates on which some satisfactory theory may possibly be, in 
part, built at some future time. 

1. The ore hasadeflnite position in the stratificalioD. 

2. It is underlain by a porous quartzyte. 

3. It is overlain by, or results from a change in a peculiar rock 
to which we have given the name taconyte. [To be described fully 
at a later date]. 

4. The whole ore bed is sometimes a breccia of some sedimen- 
tary rock, lying loose, and sometimes compact brecciated or even 
congtomeritic phases are common. Rarely a pebbly ore is found.- 

5. It is associated with much kaolinic, but water-stratifled rock, 
and often the white kaolin, though embraced in the ore, is tm- 
stained by it. 

6. It occurs at the same horizon the whole length of the Mesabi 
range. 

7. When the gabbro of Uie Mesabi range is adjacent this ore is- 
Jound to be hard — either hematite or magnetite, but it is never 
affected by titanic acid — thongh it is by sulphur under such cir. 



8. Apparently it runs southward with the dip of the formation, 
and by boring it is found under a large thickness of black slate- 
abont a mile south of the line of strike. 

9. The horizon of the ore is the same that has been assigned 
by the writer to the date of the disturbance of the gabbro Qood 
Bat as that assigament is not sntflcieutly established it cannot be 
aaid titat the ore has any relation of cause and effect to the gabbro. 

Concl»»ion. 
There are buttwoitemsin theconclnHiontowhichweare drivot: 
Firtf. The Mesabi ore is not satiBfactorlly explained by any 
theory that. has yet been propoted for it, or for its equivalent 
(Gogebic) ore on the south side of the great lake. There are 
some facts that favor all of the theories that have been proposed, 
but they meet with opposing facts of greater import. 

Second. There is but one known cause acUng with snfllcient 
force and on a geographic area sufflciently wide, to which we 
can appeal for the geographic and stratigrapbic distribution of 
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this ore — and that is oceanic nfdimtntaiimi. That there has been 
a profound obaoge in the sedimenta since their origination ia qnite 
«vi<ient; bat whether this change took place, in whole or in part, 
prior to conaotldatton or after it, is as yet unknown; and if after 
-consolidation it is eqnally unknown whether it was accompliehed in 
Taoonic or in Recent time. There seems to have been something 
peculiar either in the nature of the sediments of this horizon or 
in the influences to which they have been subjected, and this 
peculiarity Is expressed on both sides of the lake Superior basin. 



EDITORIAL COMMENT. 

Thi United States Gbtimiqicai. Suhvev. 

The phenomenal development of the U. S. Geological Survey 
has received its first serious check. Congress refused to vote the 
amount of money asked for by the director for its support during 
the current year, granting only about forty per cent. It became 
necessary- at once to dismiss many of the employes, and even to 
abolish, or close temporarily, some of the lines of research on 
which the Survey was engaged. The annual cost of the survey 
has been for several years, between six and eight hundred thou- 
sand dollars, and the men who have been in commission or con- 
stant employ, have l>een about one hundred and fifty, not 
including laborers. 

We do not conceive that this check is indicative of any desire 
on the part of Congress to put an end to the Geological Survey, 
although it is well known that a few legialatoi-s would welcome 
that result. We do not even suppose that Congress desired to 
injure the survey, or to impede it in the construction of the great 
geological map of the United States. In the hurry of the action 
taken by Congress in the closing hours of a long session, it is 
impossible to know what motives actuated the individual con. 
greseman, and it was manifestly impossible to express any form- 
ulated criticism or to enact any general plan for the future of the 
survey. The only feasible step was to reduce the annual fund 
and instruct a committee to report on the survey at its next ses- 
sion. The action taken by congress will be construed by some, 
and especially by those who are affected by it ofnciaUy. as a 
calamity to geological science. In some respects it will affect 
American geology unfavorably, but it is not by any means certain 
that true geological science will in the end he retarded by it. The 
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Burvey may be curtailed in scope, but at the same time it may be 
given directnesH and indiTidnality which will carry it tiiamphantly 
through fntnre years to an end that will be "simple and entire." 
TJnfortnnately, the United States Cteological Survey never had 
any other organic act, nor any other duty assigned it more defi- 
nitely than to "construct a geol<^csl map of the United States." 
It was left practically to the judgment ol the director, who offi- 
cially reports to the Secretary- of the Interior, although he ie in no 
aenae subject to his direction, to give significance and eoope to 
that simple clause. It is manifest that there was open a wide 
door for difference of opinion, and for the expansion of the work 
of coutfrncti'ng a map, SO as to include inquiries into the history 
and philosophy of geoli^y, the physics of mountain structure, 
the causes of earthquakes, the laws of solids and fiuida, the eco- 
nomic statistics of the rocks to be mapped, the description of the 
fossil contents, the microscopic delineation of the internal struc- 
tures and the chemical characters of the minerals in the strata 
concerned. All this, if entered upon, would requirea large library 
and numerous laboratories. It would mean the eBtablishment of 
a scientific bureau which in its original research would be limited 
in its ultimate scope only by the bounds of human knowledge and 
the appropriations of money which Congress might grant. It is 
quite possible that the zeal of the director for American science in 
general has led him to take some snob a view of the proper duty 
of the survey, and that under the bead of geolt^y be has been 
induced to include, practically, all that it covers theoretically, 
and has not sufficient warrant for it in the law ordering the con- 
struction of a geological map of the United States. However 
desirable such a bureau might be, whether as an agent for the ad- 
vancement of American science, or as a guide to other bureaus or 
to the state governments, in carrying forward allied investigations, 
it is open to doubt whether Congress intended to oi^nize one 
when it created the geological survey. In the uncertainty which 
must exist on that point, it is plain that any parties or institu- 
tions which might become aggrieved, whether through fancied or 
actual wrong, or who might suppose their prerogatives were being 
usurped by the geological bureau, would not fail to point out the 
necessity of some change, and that their united voices, becoming 
voluminous, should finally find expression in adverse action by 
Congress. 

There are various minor causes that might be appealed to, to 
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explain the refusal of Congreaa to continue tiie survey on its pres- 
ent basis. Personal controversies, scientific Jealoasies, internal 
dissensioiis, however cloaked under social and official etiquette, 
local and state antBgoaisms, and Ihe scientific ostracism which 
some have imputed to the survey against those who have criti- 
cised it and its worti, these may have been, in some instances, 
the mainsprings which prompted individual opinion and advice, 
but we think we have compassed the whole opposition, so far a» 
Congress could talce cognizance of it, when we attribute the action 
to the conviction on the part of Congress that the survey had Ijeen 
expanded without warrant, so as to include much costly, original 
research which the law of the survey does not authorize. 

If, in the future, the work of the survey can be confined to a 
more limited field, so tliat the geological map may be constructed 
as rapidly as is consistent with thoroughness, and so that the 
science of geology may be relieved, financially, from the entangle- 
ments of other natural science, unless they be bound to it by stat- 
utory definition, we believe the progress of science in America will 
not be impeded by the adverse action of Congress^ but that, on 
the contrary, numerous efficient laborers will spring up where now 
there is little encouragement for local effort, and these allied in. 
vestigations, relegated to independent institutions, scattered in 
all parts of the United States, will be carried on successfully and 
with a certain local pride, while the science of geology itself will 
pursue an unobstructed line of progress, 



REVIEW or EEOENT GEOLOGIOAL 
LITEEATUEE. 

Tieo Montima eanl field). By Waltkb Harvkt Werd. Bulletin, G. 
8. A., vol. ill, pp. 801 830, with 18 flgurea In the text; June 28, 1882. The 
Great Falls coal field, I>elong[ng to the Eootanle formation, ol Lower 
Cretaceous age, la (ound to occupy a width of a few mites adjoining the 
northeast base of the easternmost range of the Rocky HountaloB, and to 
extend from the sources of the Judith river in central Hontana north- 
westerly at least 135 miles, and probably onward across the international 
boundary. Its thickest known coal seam Is mined at Band Coulee, 
twelve miles south of Great Falls, having a thickness of 3}{ to 7 feet of 
excellent fuel coal. The Kootanle or Great Falls formation of Band- 
stones and shales, with gentle dips, reposes unconformably on the Car- 
boniferous rocks which form the foot-hills, succeeded westward In the 
mountain ranges by steeply upturned and folded strata ranging In age 
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u determined by foaaila, fiom Carboniferous to Ckmbrlui. Above Uie 
Kootuiie bede, whose identiflcatloD here \>j their dora was flrat an- 
nounced by Mewben; five yean ago, the next recognizable formation Is 
the Ft Beuton, the Interrening Dakota formatloa not being apparently 
Nptesented The Kootaole flora has manj species In common with the 
Potomac formation. 

. A smaller coal field, allied by Its fossil plants to the Ft. Union beds 
oyerlying the true Laramie, is mined at Red Lodge, situated near the 
south line of Montana on the Rocky fork, tributary to Clarke's fork and 
the Yellowstone. In thtg vicinity nineteen coal Beams have been ex- 
amined; and eix of them, which have been worked near Red Lodge, 
vary In thickness from S to 18 feet The strata dip abont 10° southward, 
terminating at the fault line that runs along the northern base of the 
Beartooth range which, though unexplored, Is known to be glacier- 
crowned and Ih believed to include the highest peaks In Montana. 

Summary Report of tht Oeologie'd Survey of Caniidii for (A« year t89l 
Alfhbd R. C. Selwtn, Director. Department of the interior, Ottawa. 
60 pages; price 5 centB. Among the many fields of work by this survey, 
ail of which are here described, with cooctse statements of their princi- 
pal results, the observations of most economic Importance relate to a 
very rich coal field of the Eootanle formation In the southeast edge of 
British Columbia, about 200 miles northwest from Great Falls, Montana. 
Between the eastern summit of the Crow's Nest pass, which crOEses the 
most eastern ranges of the Rocky Mountain t>elt, and the valley of the 
£lk river at the mouth of Coal creek, which fiows westward from this 
pass. Dr. Selwyn estimates an area of not less than 144 square miles, 
containing about 50,000,000 tone of coal . In each square mile, of which 
probably half on an average le avtdlable tor mining. Twenty coal seams 
were examined In the Crow's Nest pass and westward, showing a total 
thickness of 1S2 feet of coal. Three of these seams are respectively 80, 
20, and 15 feet thick. On the eastern side of the Elk river about seven 
miles below Coal creek, the series has twelve coal seams, three of which 
are each about 80 feet thick, with an aggregate of 148 feet 

Ettayo Etuiduhio del Ettado de Jalisco, por Mabiako Babcrno, Direc- 
tor del Observatorio Meteorologlco Central. (Annaieg del Minlsterode 
Fomento de la Republlca de Mexico, Mexico, 1S91. 8vo, pp. 729 ) 

Few, if any of the United States, possess such an excellent official 
and comprebenrive description of their resources as professor Barceuo 
has presented in this admirable monograph on Jalisco, one of the western 
oenttKl states of the republic. The neatly printed volume Is divided 
Into nine parts, treating of the geography, orography, geology, hydro- 
graphy, climatology, flora, agricultur', horticulture, and the accllmatlca- 
tion of plants Introduced into the state. 

Pideozoic Formationt in Southeatlern Minnnotii. By C, W. HALL and 9. 
W. Sardesoh. Bulletin, G. 8. A., Vol, in, pp. 881-868. wltb tliree plates, 
and ceven figures In the text; ,1 une 38, 1893. The msxlmum total thick- 
ness of the Paleozoic strata in this district Is al>out 2,400 feet, their 
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weatem Ilmtt being a lloe diawn fnnn north to MNitb not far wut of 
HinneapollB and Uankato. Hie foimatioDB clasaed as Upper OatnbriaB 
Ktt^n a thickness of nearly 3,000 feet, while the Lower Silurian 
measures only abotit 490 feet. No Upper Silurian rocks are found; but 
a few feet of early Devonian beds occur In the sooth edge of the state, 
llie Trenton and Galena limestones and shales are subdivided Into ten 
beds, distinguished partly by llthologlc but chisfly fay paleoutologte 
characters. Lists of the fossils observed In each of these beds, and In 
the other formations belowand above the Trenton series, are noted. The 
anthors extend the Cambrian upward to Include the Lower Hagnetian 
or Bhakopee limestone, which is regarded by WaJcott as the base of th« 
Silurian. 

9eology of th« TaylorrOU Begion of California. By J. B. D1U.BB. 
Bulletin, G. S. A^ Vol. in, pp. 869-394, with nine figures of sections la 
the text; July IS, 1892. The area here described ts about twelve miles 
long and six miles wide, lying In the northern part of the Blena Nevada 
mountain belt. Immediately north of the fortieth parallel. Ht. Juia, 
near the center of this area, is so named because of Its fossEllferous 
Jurassic rocks, The exposed sedimentary series has a total thickness of 
24,S00 feet; of which 17,600 feet are probably Paleozoic, and 7,000 feet 
are Mesozolc strata. The latter comprise at least three formations in 
the Trias, and five In the Jura, definitely recognized by fossils. Irup* 
tive rocks are also present In great variety, their epochs of extravasa- 
Uon being successively early Paleozoic, Trlasslc, at the close of the 
Jnnaslc, and finally Neocene and Pleistocene. The region was covered 
by the sea during most of Its history, until the end of the Jura period, 
when a great upheaval formed land along the present Sierra Nevada belt 

Jvra and Trio* at Taylorville, Caltfornia. By Aif HBUS Htatt. Bul- 
letin, G. B. A., YoL in, pp. 390-412; July 16, 1692. Professor Hyatt in 
this paper gives preliminary descriptions and dlscnsslon of the rich 
faunas, of early and middle Mesczolc age, which have been collected fa 
the strata of Mt. Jura and other parts of the area described by Hr. Dll- 
ler Id the preceding paper. The Jurasalc formations, In ascending 
order, are the Hargrave sandstoue, referred to the Upper Lias of Europe^ 
the Thompson limestone and Mormon sandstone regarded as equivalent 
with the Inferior Oolite; and the Blcknell sandstone and Hinchman tuS^ 
respectively representing the Csllovlan and Coiallfon faunas of tbe 
European Upper Jura or Halm. The Jurassic system is more fully 
recognizable here than in any other known locality in the United Blatee. 

The Oeologieai Map of the United State*, and the United Slates Geologicat 
Bvrveg. JuLvs Hancou. Cambridge, Mass. April, 1892. 8vo, pp. S6. 

This is a caustic review and criticism of the United States Geological 
Survey, its organization, work, personnel, and Its relations to the pro- 
gress of geology In America, Mr. Marcou's style of direct and severe 
criticism tea marked characteristtcof this pamphlet, and his well-known 
fearless manner of exposing what he Is convinced Is wrong. Is apparent 
in every line. His life has been spent as an "Independent geologist," 
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ADd ver; often his in dependence hu beenuawtedatcostof hlepenonai 
advantage. 

Mr. Harcott baa radical andaometimefllmpiAcUcai views touching th« 
U. 8. Oeological Surrey, but tome of hie stricturefl hare a basis of just 
criUcism. He thiolis the survey has been too costly, especially in pub- 
lication, and sprekd over too nlde a Beld. He vould Imve the tleld-woA 
wholly completed in a district bofore the geologists publish any of 
the results, and he would have all reports confined strictly to descriptive 
facts, without entering into controversy. Precipitate publication en- 
isle contradiction and correclioo, and he would have the work of tt|e 
flurvey above possible correction. He queatioDS the capability and 
sometimes the candor of many of the leading collaborators on the survey, 
and would have every employe who may be responsible for any geolog- 
ical worh, well informed on the geology of the original typical Euro- 
pean localities; and when such cannot be found In America, he would 
have European geolo^sts employed, or would send American geologists 
to Europe to stu'ly for several mouths the rocks and foBslls which flrst 
gave name and character to the formations which the separate geologists 
may be entrusted with In the United States. 

This document was trerly distributed at Washington, and It was one 
of the factora to produce the late unfavorahle action of congiess In re- 
fusing the customary appropriation for the survey. 



LIST OF EEOEKT PUBLIOATIONS. 

/. State and Oottrnment Beporti. 

Oeol. Surv. of Penn. The Summaiy Final Report, VoL 1, describing 
the Laurentian, Huionlan, Cambrian and Lower Silurian formations, 
pp. 719. Harrisburg, 1893. Atlas: Southern Anthracite Field: ParU 
IT B, V and vi, 1891. 

Oeol. Surv. of N. J. Annual report of tlie Sut« Geologist for 1891, 
-pp. 270. Trenton, 1893. 

Oeol. Surv. of Ala. Bulletin No. 2. On the Phosphates and Marls of 
Alabama, by E. A. Smith, State Oeologist, pp. 82. Montgomery, 1892. 

Ken. Oeol. Surv. Report on the Progress of the Surrey for 1890 and 
1891, by John R. Proctor, pp. 26 with map. Frankfort, 1892. 

U. S. GeoL Surv. Monographs, Vol. svii. The Flora of the Dakott 
Oioup, hy Leo Lesquereux, pp. 400. Washington, 1893. 4to. 

Eighth Annual Report of the Sut« Oeologist of N. T. for 1888 con- 
tains: A classified list of the Palteozolc genera of Btachlopoda, by J. 
H. Clarke. A list of fossils En the Oriskany sandstone of Maryland, New 
.York and Ontario, Canada, with on Indication of their geologlca] range, 
by Charles Schuchert; The Oenus Bronteus in the Chemung rocks of 
New York, by James Hall; A list of the species constituUng the known 
fauna and fiora of the Marcellus epoch In New York state, by J. M. 
Clarke; The Hercynlan Question, by J. M. Clarke; On the loc^ty of 
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flint implements In Wjomtog county, N. T., by I. P. Blehop; A cata- 
logue of the Bpecimene Kmnged by Prof. E, Kmmons, as representatlTes 
of the Taconic Bystem. 

Ninth Ann. Rep. of the Btate Geologist of N. Y. for 1880 contaioa: A 
notice by Prof. Halt of the slow publication of his palteontological 
work; On ByrlngotliyrlB, Winchetl, and Its American species, by Ghas. 
Schucbert; List of species of the American Paleeozolc Orthls, Splrifera, 
Spirlferina, and Byilngothyrls, by Ohas. Schuchert; Mew Forms of 
Dictjospongldee from the rocks of the Chemnng group, by James Hall. 

Tenth Annual Report of the 8ttte Oeologist of N. Y. for 1890 contains: 
The genera of the Palteuzolc Bracblopoda; Preliminary notice of a new 
Genua among the Tlrachiopoda, by James Hall; (Quaternary Geology of 
the Hudson River valley, by Helnricb Rlee, and the following by J, M. 
Clarke which vere reviewed in the Oeolooist for March, 1882: Notes 
on the Genus Acldsspla, Note on Corouura Aspeotaos, Conrad (sp.), 
Observatlona on the Terataspls Grandls, Hall. 

N. Y. Bt. Huseum. Forty-third Annual Report of the Regents for 

1889, pp. SOS. Albany, 1890. 

N. Y. ISt Huseum. Forty-fourth Annual Report of the Regents for 

1890, pp. 404. Albany, lS»a. 

Geol. Surv. of N. Y. Paleontology: Vol. tiii. The Qeuera of Paleo- 
zoic Brachiopoda, by James Hall, assisted by J. M. Clarke, pp. 367 with 
42 plates. 

Geol. Surr. of Tex. Bul^ No. 3. The Soils and Waters of the Upper 
Rio Grande and Pecos valleys, by U. H. Harrington, pp. 26, Austin, 1890. 

Geol. Surv. of Tes. Bui. No. S. Recoonolssaoce of the Quadaloupe 
mountains, by R. B. Tarr, pp. 42, Austin, 1892. 

Geol. Burv. of Tex. Second Iteport of Progress, by E. T. Uumble for 

1891, pp. 91. Austin, 18»2. 

Geol. Surv. of Ala. Bui. No 3. The lower Gold Belt of Alabama, by 
Wm. B. Phillips, pp. 97, with map. Montgomery, 1893. 

Geol. and Nat. Hist Burv. of Can. Contributions to Canadiaa 
PalnoDtology. Part iv, by Dr. D. RUst, pp. 10, with 3 plates. 

U. B. Nat. Mus. Handbook for the Dept. of Geology, Part I. 
Geognosy.^The Materials of the Earth's Crust, by Geo. P. Merrill, pp. 
88, with % plates. WashlaiitoD, 1892. 

Geol. Burv. of Ark. Ann. Rep. for 1890. Vol. iii. Whetstones and 
the Novaculites of Arkansas, by L. S. Grlswold, pp. 443, Illustrated. 
Little Rock, 1892. 

II, Profeedingt of Scientific Soeietiei. 

Bui. Phil. Boc. of Washington, Vol. xi, contains: On Some of the 
Greater Problems of Physical Geology, by C. E. Dutton ; On the Crys- 
UlllKsUon of Igneous Rocks, by J. P. Iddlugs ; The Mineral Composi- 
tion and Geological Occurrence of Certain Igneous Rocks In the Yellow- 
stone National Park, by J. P. Iddlngs ; On Certain Peculiar Structural 
Features in the Foot-Hill Region of the Rocky Mt«. near Denver, Colo., 
by G. H. Eldiidge ; Constitution and Origin of Bpherulites In Acid 
EiUptire Rocks, by Whitman Cross;' Mohawk Lake Beds, by H. W. 
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Turner ; and Bphemlitic CrystalliE&tlou, by J. P. Iddlngi, which was t«- 
viewed In tbe Gkologmt for Dec, 1891. 

Trwis. N. Y. Acad. Bel.. Vol. ii, Noa. 8, 4, 6 ; Dec, Jan., Feb., ISKl-M. 

Bui. Am. Oeog. Hoc., Vol. xxir, No. 2, Juoe, 1803. 

Bui. Geol. 8oc. Am.. Vol. iii— Parte Issued :— Palieozolc Fonuatlone of 
Boutlieastoni Minnesota, by C. W. Hall and F. W. Sardesou ; Geology of 
the Tayiorvllle Region of California, by J. S. Diller ; Jura and Trias at 
Taylorville, Cal., by Alpheus Hyatt ; Btratigrvphy and Succeselon of the 
Rocks of the Blem Navada, of California, by Jamps E. Mills. 

Proc Am. Acad. Arts & Bel., N. B., VoL inii, contains ; The Pre-his- 
toric and Kiowa Co. Pallaaites, by O. W. UuntlDgton. 
///. Paperi in Seitntifie JournaU. 

QeoL Hag., iTtily No^ contains : On the Devonian Rocks of S. Deron, 
byA. R. Hunt (Part n); Notes on the ConisCon Limestone, by J. U. 
Ctoodchild ; Formation of the Bouldec-clay, by O. W. Bulman ; Glacial 
Geology, by T. Hellard Reads ; A Sand Pit at HIU Morton, near Rugt^, 
by P. B. Brodle. 

Auf. No. contalnH : On the American Paheozolc Gasteropod Trtmattn- 
otm, by R. B. Newton ; The Deroulan Rocks of 8. Devon, by A. R. 
Hunt (Part III) ; An Irish AugiUte, by Bernard Hobsoo ; Under-claya. A 
Preliminary Btudy, by G. W. Bulmao ; The Black Limestone of Malta, 
by J. H. Cooke ; On TertbraluUna lubtlriata, by J. F. Walker ; Geology 
of the Lizard Diatrict, by A. Bomervafl. 

Am. Jonr. 8ci , Aug. So., contains : Gold Deposit at Fine Hill, Cal , by 
W. Llndgren ; Great Shearzone near Avalanche lake in the Adiron- 
dacks, by J. F. Kemp ; Development of the Brachiopoda (Part ii), by C. 
E. Beecher ; Preliminary note of a new Meteorite from Kenton Co^ 
Ken., by H. L. Preiton ; Additional ObHervationB on the Jura- Trias tr^ 
of the New Haven Region, by J. D. Dana ; Notes on MesoEolc Verte- 
brate Fossils, by O. C. Marsh. 

School of Mines Quart., JtUg No., contains : Methods of Modem 
Petrography, by L. M. Luquer. 

Kansas University Quarterly, Vol. i, No. 1, Juls 2fi>., contains : Kansas 
Pterodactyls (Part i), by B. W. Wiillston ; Kansas Hosasaurs (Part i), by 
B. W. WllllBton and K. C. Case. 

IV. Bxeerptt and Individual P*hiicationi. 

On the Occurrence of Artesian and other Underground Waters in 
Texas, eastern New Mexico, and Indian Territory, by Robt. T. UIIL 
pp. leS. From Rep. Dept. Asr., Washington, 18S2. 

On the Sponge-remains In the Lower Tertiary Btrati, near Oamaru, 
Otago, New Zealand, by G. J. Hinde and W. M. Holmes, pp. 86, with 
plates. From Linneao Soc. Jour., Vol. xxtv, London, 1S9S. 

The Thickness of the Devonian and Silurian Rocks of western New 
Yorki approximately along the line of the Oenesee river, by Chai. 8. 
Prosser. pp. OS, with map. From Proc Rochester Acad. Sci., Vol. % 
Rochester, 1893. 

V. Foreign Pubtier^wn*. 

Aunnal report of Dept. of Mines and Agricnttnre, New South Wales, 
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for ini, 4to, pp. 88S, with cuts aod nup*. H^nl^ devoted to 
Economics ftnd StfttlBtlcB. Sjdne^, 1899. 

ThB PhjraicaJ Q«ology of Hngnetlc Island, bj A. Olbb Ualtl&nd, pp. 8. 
4to., with two maps and »actlcMM. Brisbane, QueenHaod. 

Bui. Soc. Imp. dea Natar. de Hoacow, No, 4, 1891, contains: Arglles 
de 8p«etOD et lenra <quiTalenta, par A. Pavlow et O. W, Lamplagb. 

Verbnnd. Kuu^Ealser. Mineral. GeselL St Petenbarg. 3d Series. 
Vol. xxTiii contains: Bymmetrie der Pl^ren ragelmSulger Bysteme 
Ton £. Fedorow ; Ueber die Paramorphoaen dee RntUs oach Anataa ; 
Ueber die Oattung Btenopota Lonsdale iind eloe neue Art Stenopora 
Lahiueni, Ton O. Romanowsky; Petrographlsche Notizen, von H. 
Kelalkow; Eatalog der Heteortten-Sammlung, Ton J. Slmasdiko; 
Oeologtelie Untersnchnngen Id dem Ouberllnsk-Oeblrge (vorlllufiger 
Bericbt) TOn F. Lewinson-Leaaingi Ueber Pterlchtya, TOn Dr. J. Victor 
Robon; EuUbiolt petrograpblsche Sklize, von M, Helnlkow; Kuize 
Sklzze deft geologlechen Baues des transcaepischen Oebletes, ron J, 
Knehketow; Astrachanlt (B16dlt, Blmonylt) aus den Salzseeu Im 
Astrachanacben GoaTemement, tod P. Jeremejew. 

ArchlT dea Vereins der Freunde der Natnr. Mecklenburg. II Abthell,, 
1891, contains: SUur-Cepbalopoden der DllavlalgeKbtebe, Ton H, 
Rtldig*r; Foranlnlferen und Ottiacoden aus der Erelde von Holtzow. 
von G. Scbacko; SedimenStrgeschlabe toq Nenbrandenburg, tod A. 
Steusloff. 

Ueber den GegenwSrtigen Standpunkt unserer Kenntnlss Ton dem 
Vorkommen Foaslter GlaclalpflaoEen, TOn A. G. Nathorst. Blbang till E. 
Hvenska Vet-Akad. Hsndllngar. Btockhnlm, 1893. 

Norges OeoIog;lBke Undersdgelse. Om doonelse af jemmalmfore- 
komster, af J. H. L. Vogt, pp. 103, wltb map and cut«. Cbrlstlsnia, 1893. 

Norg. Geol. Und. Det nordllge Horges geologl, med bldrag af Dr. 
Tellef Dahll og O. A. Coraellassen, ndgtvet af.Dr. Hans Reuscb. pp. 
200, wl'b large nap and cuts. 

Norg. Oeol. Und. Toromjrer Inden Eartbladet "Sarpeborgs" Om- 
laade, af O. E. Stangeland. pp. 86, witb map and cuts, Christiana, 1883. 

SltEungsb. der Physlk-Medlc. Boc. In Erlangen, Heft xiit, 1SB3, con- 
tains : Das Marine Plioc&n In Syrien, von A. Blanckhenhoni ; BeltrBge 
lur Eenntuls der nutzbaren Minerallen des bayerischen Waldes mlt 
specleller Beruckslcbtlgung des SUberges bel Bodenmals, von J. Thlel. 

Bui. Soc. Q66i. de France, Sd Series, X. xi, 1891, No. 1, contains: Stage 
miocfene et valour stratlgrapblque de POttna erauiitima au sud de I' Al- 
geria et de la Tunlsle, par P. Thomas ; Snr I'exlstence Juraaslque sup6r- 
ieur dans le maaslf du Qrsnd-Oallblet, par M. Killan ; Note sur I'Sge de 
rSippurile* eorbarietu des I*yT£n^eB, par J. Roussel ; Bur une carte des 
envlrcinB de Barcelone de H. J. Almera, par M. CoUot, 

Verhsud.desnatnrt.yerelnes In Bronn. Band xKix, 1890, cont^ns: Dai 
iDdoet-mahrisctae Eruptlv-Gebiet, von J. Elvana; Erster Nachtrag zar 
pleistocKoen Conchy lien fauna Mahreus,Ton A. Rzehak; Ueber die Babn 
dar am 1 Dec. 1889 bel cacak am Jellza-Geblrge in Serblen gefallenen 
Ueteoriten, von G. v, Nlessl; Ueber die Feribeldlstuizen und andere 
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B&hnelemeiit jeaet Het«orit«n, deren FnllericheiDungeii mtt elalger 
Slcherhelt Iwobachtet warden kounten, von G, v. Nlegsl. 

Die HChlen des Haraea and Ihre AuaftUlimgen, von Dr. J. H. Elooe, 
pp. 24. From Abh-Ver. far erdk. Magdeburg, 1892. 

Note Geologlsche e Studio Chimlco-PetrograQco Bulla redone Tnuih- 
iljca dl Roccaetrada, by R. V. HatteuccI, pp. 00, with plat«a. Roma, 1892. 

H«rooire della R. Accad. delle Sci. deU'Iatltuto di Bologna, 5th seriea. 
Toino T containe: Zlfloldl fosalle e il Roetro di Dioplodonte della 
Farnealna preaao Home., by Q. Capelllnl; Secondo ooatrlbnto alia con- 
oacensa della mlcrofauoa terzlaria Itali&na, by Carlo F«rnaeinl; Nuove 
ricerclie sulla melanoflog^te della mlniera Oioaa preaso Raealmuto 
(tJlcUla), hj L. Bomblccl. 



CORRESPOinDENOE. 

Gboloot at tsb Hbktihq of the Br^ibh Aebociatiom at Edin- 
BUIWH.— For tbe fourtb tlm« In its hiatorj Uks B. A. A. B. has met in the 
northern capitol of the United Kingdom, thla time under the presidency 
of the Director-Oeneral of the Geological Survey, Sir Archibald Qclkie. 
The date wae unusually early. Thus far the flrst half of September has 
been the time of holding this gatherlnx.but an experiment was thla year 
made of placing It one month earlier. Tim* will show If the experiment 
was successful or not. Probably the change Is at least tn part account- 
able for a rather smallet attendance than might have been expected at 
so prominent a centre of wealth and learning. Many people at this time 
are out of town and cannot well alter their Ume of being absent. The 
numbers at the four Xdinburgh meetings have been as follows: 

1884, 1,898. 

16G0, 1,241. 

1871, 2,468. 

iBsa, a,o7o. 

The smaller number present had of course the result of lessening Uie 
amount available In special grants, a matter always to be regretted as 
this Is one of the most effective ways in whli:h the B. A. A. B. alda the 
work of InveBllgatton. However, a total of £1,000 was distributed among 
workers In the various sections. In geology the following sums were 
allotted: 

Prof. J. Preatwlch, Erratic Blocka flO 

Rev. T. WilUhlre, Poaall Phyllopoda S S 

Prof. J. Oelkie, Geological Photographs. £10 

Prof. E. Hull, Underground Waters £ 6 

Mr. J. Home, 6h ell-deposits at Chapel-hall, ±c £90 

Dr. R. H. Tcaqualr, Eurypterids of the Pentlanda £10 

Sir A. Gelkle took for the subject of his address, "The Centenary of 
Hutton's Theory of the Earth." He showed in the course of hla remarks 
how much of out present geological systems was embodied in tbe''Theory" , 
of this early writer, and how It has aurvived to the present dqr, after en- 
countering asaanlt after aasault from various quarters. 
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" It was," he uld, "a special cliaractoriitic of this philosophical ay a- 
tem that It sought In the changes dow Id progress oa the earth's surface 
an explanation of thoeo which occurred In ancient times. Its founder 
refused to Invent causes or modes of operation, for those with which he 
was familiar se«msd to him adequate to solve the problems with which 
he attempted to deal. Nowhere was the profoundness of his inright 
more astonlBhing than In the clear, definite way In which he proclaimed 
and reiterated his doctrine that every part of the surface of the conti- 
nents, from moUDtaln-top to sea-ahore, Is continuallj undergoing decay, 
and 1h thus slowly travelling to the sea. He saw that no eooner will the 
sea-floor be elevated Into new land than It must necessarily become a 
prey to thla universal and unceasing degradation. He perceived that as the 
transport of dtslntegrated material is carried on chieQy by running water, 
rivers must slowly dig out for themaelvas the channels In which they 
Sow, and thus that a system of valleys radiating from the water-parting 
of a cotiDtry must necessarily result from the descent of the ttreams 
from the mountain crests to the sea. He discerned that this ceaaelem 
and wide spreading decay would eventually lead to the entire demolition 
of the dry land, but he contended that from time to time this catastrophe 
is prevented by the operation of the underground forces, whereby new 
continents are upheaved from the bed of the ocean." 

"But despite his Arm grasp of general principles and his mastery of 
the minutest det^ls, he had acquired a literary style which wu singu- 
larly nnattractlve. Fortunately for his fame as well as for the cause of 
science, his devoted friend and disciple^ Playfalr, at once set himself t& 
draw up an eipoeiUon of Button's views. After five years of labor on 
this task, there appeared the clMsic ' lilustcatlonB of the Huttonian 
Theory,' a work which for luminous treatment and gtacffui dlctloa 
stands still without a rival in English geological literature." 

Sir A, Oeikie then rapidly reviewed the progress of these new opla- 
lOQS and sketched the various objections, scientific and theological, 
which they had met, passing on to the experimental work of Sir Jamea 
Hall, and the stratigraphical Investigations of William Smith, the 
" father of British Stratigraphy," and dwelling, aa was seemly and cour- 
teous, on the great share that Edinburgh and Scotland had taken In th» 
progress of the new science. Passing rapidly over the long and bitter 
conflict between the Plutoniats and the Neptunlsts, which was mMnljr 
waged In the north, he proceeded to the discussion of what may be re- 
garded as the central scientific subject of his address— Uniformity versus 
Catastrophe. "Though," he said, "Button and Flay fdr believed in pe- 
riodical catastrophes, and Indeed required these in order to renew and 
preserve the habitable condition of our planet, their succesBOts gradu- 
ally came to view with repugnance any appeal to abnormal and espec- 
ially to violent manifestations of terrestrial vigor, and even persuaded 
themselves that such slow and comparatively gentle action as had been ' 
witnessed by man could alone be recognized In the evidence from which 
geological history most be compiled. Well do 1 remember in my own 
boyhood what a cardinal article of faith this prepossession had become 
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We were taught b^ our gr«at and iMMiored muter, Lyell, to believe im- 
plicitly Id geatle aod uniform operadMis, ext«iid«d over Indefinite pe- 
riods of time, tliouglt possibly somewlthtliezeal (4 partisans carried tbli 
belief to an extreme which Ljell himself did not improve. What the 
mor« extreme memtwie of the unlformltarian school f^led to perceive 
was the abaence of all evidence that teirestrial catastrophes, even on a 
ooUoBsal scale, might not be a part of the present economy of this globe. 
Tat the admission that they have played a part In geological history 
may be freely made without Impairing the real value of the Huttontan 
doctrine." 

The speaker then quoted the Ice-Age as a strong case In point of the 
truth of his remark; " It " he said, "any oue had ventured sixty yean 
ago to affirm that at no very distant date the snows and glaciers nf the 
Arctic regions had descended southwards into France, he would have 
been treated as a visionary theorist. There cannot, however, be any 
donbt that after man had become a denlien of the earth a great phjvlcal 
change came over the northern hemisphere. The climate which had 
previously been so mild that evergreen trees flourished within ten or 
twelve degrees of the pole, became so severe that vast sheets of snow 
and ice covered the north of Europe and crept southward beyond the 
south coast of Ireland almost as far as the southern shore of En^and, 
and across the Baltic Into France and Qermany. Such a marvelous 
transformation in climate, in scenery, In vegetation and in Inhabitants, 
within what was after all a brief fiortion of geologictj time, is surely en- 
titled to lank as a catastrophe In the history of the globe. And yet It ar- 
rived manifestly as a part of the great orderof nature. And thus taking 
a broad view of the whole subject, we recognize the catastrophe, while 
at the same time we see in Its progress the operstion of those same nat- 
ural causes which we know to be Integral parts of the machinery where- 
by the surface of the earth Is continually transformed." 
. Passing on then to another doctrine first clearly and deflnitelystated by 
Hutton, Sir A.Geikiesketched the views that prevail regardlnggeologtcal 
time. "Some 6,000 years hsd previously been believed to comprise the 
whole lite of the planet, and indeed of the entire universe. Bnt the 
progress of research continually furnished additional evidence of the 
enormous duration of the ages that preceded the coming of man, while, 
as knowledge Increased, periods that were thought to have followed each 
other consecutively were found to have been separated by prolonged lo- 
tervala. Thus the Idea arose and gained universal acceptance, that Just 
as no boundary could be set to the astronomer in his free range through 
space, so the whole of by-gone eternity lay open to the requirements of 
the geologist. It was Iiord Kelvin who first called attention to the 
fundamentally erroneous nature of these conceptions. He pointed out 
that from the high Internal temperature of our globe. Increasing inward 
' as It does, and from the rate of loss of its beat, a limit may he fixed to 
the planet's antiquity. H^ estimated that the surface of the globe could 
not have consolidated less than twenty million years ago nor more than 
four hundred million years ago, and he was inclined, to believe that. 
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from % nview of all the evidence ttaea av^lftble, some inch period u 
oae hundred million yeui would embrace the whole of geological his- 
tory." 

" Honlizlng on tbeaa results," the speaker added, "It Ib not pleasant 
to discover that a tortuae, which one has unooncemedly believed to be 
ample, has somehow taken to itself wings and disappeared. When 
the geologist was suddenly awakened bfthe energetic warning of the 
physicist It was but natural that he should think the accountant to be 
mistaken. But he consoled himself with the reflection that, after all, 
one hundred mlUlon years was a tolerably ample period of time, and 
might poulbly have been quite sufllcleat for the long sequence of events 
recorded in the crust of the earth. Bat further considerations have led 
to sweeping reductions of the time allowable for the evolution of the 
planet. Lord Kelvin Is willing, I believe, to grant us some twenty mil- 
lion years, but Frof. Talt would have us content with less than ten mil- 
Uons." 

DiscuBsing then the argument of the geologists from denudation of the 
land, he s^d that the rate of this process had In some cases been deter- 
mined, and found to vary between one foot in 780 years and rue foot In 
0,BOO years. Assuming the stratified masses to have at their greatest de- 
velopment a thickness of 100,000 feet, "they would require at the most 
npid recorded rate of denudation a period of 73 million years, and at 
the BloweBt not less than 660 millions." 

Alluding then to the biological evidence of great length of time, as 
Bbown by the changes which the lite of the world has undergone, the 
apeaket gave it as his opinion that the "geological record furnishes a 
mass of evidence which no arguments from other departments of Nature 
can ezpldn away. In favor of an allowance of time much beyond the 
narrow llmlti which recent physical speculation would concede," and 
concluded his addrees with an eloquent and picturesque eketch of the 
story revealed by geology concerning the region surrounding the ancient 
capital in which the meeting was held. 

Dr. C. Lapworth, the president of the geological section, being ill, his 
address was postponed and his place filled by various members. Prof- 
Bnpert Jones supplied the vacancy on the first day. The papers were 
_not of special Interest, but included one on the EurypterlitB of the Si- 
lurian rocks, by Ur. Laurie; Prof. Jones' report on fossil phyllopods; 
the exhibition of perhaps the oldest palieollth yrt found, by Hr. Bell 
and Prof. Bonney; a note on the discovery of the bones of a sperm-whale 
in Scotland; one by Capt. Paterson; one by Dr. Johnston-Lavls on a 
pieoUclc tuH in the Pentlands, and one by Hr. Watts on lava and ashes 
In the carbonlfetouB rocks in Ireland. 

On Thursday morning, with Prof. Bonney In the chair, the report of 
.the photographic committee was received, and a standard size and 
mount, to be determined later, resolved on. The report of the boulder 
committee followed, also that of the underground water committee. Two 
or three papers were also read on the Ice-age, which, however, contained 
no new matter, and are chlefiy significant as IndlcMlng the exMat to 
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which the theory of Dr. Uroll la Icwlng ground, even lo Bcotluid.tha 
native land, uid tn Edinburgh the home of iu dletlngulahed author. 

On Friday the president wae aufficiently recovered to be present. Tbs 
only papers of more than local Intereat were one by Hr. B. N. Peach on 
a wlde-apread radlolarlan chert formation of Arentg age In the Bouthem 
Uplands of Scotland, indicating deep sea at the time of Its deposit, and 
one by Mr. D. Bell ou "Some alleged proola of submergence in Scot^ 
land during the Olacial Era." 

On Saturday, with Prof. Labour In the chair, prof. Hull gave an ac- 
count of a recent visit of exploration to PalestiDe, In which he meib- 
tloned that terraces exist, showing that the Dead sea was once filled up 
to the level of the Mediterranean, now 1800 feet above it,and that in th« 
glacial era, the Jordan formed a lake ZOO miles long, while there existed 
at its northern extremity a volcano sending down streams of lava to tha 
lake of nberias. 

Dr. Johnstou'Lavis presented the annual report on Vesuvius, and one 
on the exploration of the Elboiton Cave completed the proceedings of 
the morning. 

In the afternoon 960 members of the Association took part in 16 excur- 
sions. One of these, to the land of Scott, was rendered remarkable b7 
a visit to GattenBlde House, where is nowreBldiog Lady Brewster, whOM 
husband. Sir David Brewster, delivered the first annual addrees befora 
the Association, 60 years ago. Other places of Interest seen on this anl 
different eicurslons were, Abbotsford, Melrose and Dryburgh Abbeya, 
Lelth Docks and the Forth Bridge, Tantallon Castl', N. Berwick clllb, 
the Clyde shipbuilding yards at Glasgow, and the oil-works and mines, 
the Pentlaud Hills and collieries in their vlclaf ty, and other spots esp«c- 
ially interesting to the botanists and zoologists. 

On Monday, with Sir A. Oeikle In the chsir, Prof. I.apworth delivered 
his address. He dealt mainly with the subject of the general form of 
the lithosphere, and likened the crust to a series of waves of different 
lengths and amplitudes, but It was of a nature that does not allow of 
condensation, and Che papers that fallowed were chiefly of local Im- 
portance. 

The chief disappointment experienced was apparently oaused by tka 
unexplained absence of Prof. Gamer and a promised paper on "The Lan- 
guage of Monkeys." Possibly the author, as was the case at the A. A. 
A. S. some years ago, failed to appear on account of Insufllcient ac- 
quaintance with his subject. 

Dr. Burdon Sanderson was appointed president for the meeting at 
Nottingham In 1893, and the date was set (or Wednesday, Sept. 18. It 
may be Inferred from this action that the early date chosen this year has 
been found unsuitable. 

A deputation from Oxford presented xa Invitation, which was ac- 
cepted, to meet in that city in 1864. £. W. C1.ATPOLB. - 

AkroTi, 0., Aug. 28, 1892. 
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PERSONAL AND SCIENTIFIC NEWS. 

Thx Geolooical Society of Amebioa held ItB Bmnmer »es- 
Bion &t Bochester, N. Y., od Monday and Tuesday, Aug. 15 and 
10, 1892. The president, Mr G. K. Gilbert, presided. The 
first paper, by Mr. Lawrence Johnson, treated of the phosphate 
beds of Florida and their geolc^ical history. In his opinion 
Florida b^an by the rise of a number of small islands of Eocene 
rocks in a shallow Miocene sea, and on these rocky islands, guano 
was deposited by birds, while marl l^eds were at tbe same time 
formed in the narrow channels. He attributed tbe origin of the 
"pebble phosphate" to the disintegration of these Miocene marl 
beds after elevation. After alluding to the vast erosion which these 
rocks have suffered, the author divided the phosphate beds into 
four gronps, successively formed; 

(a) "Compact Rook," phosphate, ■ 
(6) passing into "Laminated Rock," , 
(c) then into "Plate Rock," and 
' {(£) lastly into "Soft-Phosphate." 

In the absence of the author little discussion was possible, bnt 
some objection was raised against the origin attributed to the 
phosphates, inasmuch as the fossil remains indicate marine con- 
dition and exuviee rather than terrestrial. 

The next paper. Prof. E. W. Claypole's, on the Dentition 
of Titanichthys and its allies, after paying a high tribute to the 
skill and pains of Dr. Newberrj' in so ably interpreting the first 
remains of the kind that came to light from the Ohio Devonian 
strata, and expressing the regret of the society that ill-health de- 
tained him from the meeting and from the prosecntion of the 
work, described the detention of the DiniohthytdK as already 
known, pointing out the pecnliarities of the teeth of the different 
genera, and then brought forward some recent discoveries by Dr. 
Clark of Berea, which led to the belief that at least two interman- 
dibnlar plates or teeth existed in some or in all the forms, and 
whose presence explained or removed several difBcultiea that pre- 
viously presented themselves. One intermaxillary, acalprl-form 
tooth was also present in the upper jaw, between the two great 
"pre-maxillaries" of Newberry, which apparently worked against 
the two already mentioned, in the lower Jaw. These additions 
considerably simplify the mechanics of the jaws of these monsters. 

Prof. C. H. Hitchcock followed with a paper on the Connecti- 
cut valley glacier. He qnote<] several cases in which strise from 
the north crossed others previously made from 30° westof north, 
and stated that the latter, in such cases, occupied a slight hollow 
- at the bottom of a basin or trough. He thought that this indi- 
cated a change in the direction of the ice and that during the 
greatest extension of the glacier, when drainage was almost im- 
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possible below it, the ice Daored over tlie wbole anrface in one di- 
rection, scoring hill and volley alike, but that in the later stages 
where local conditions conid in part control or influence 
the drainage, the course of the ice was also influenced 
thereby and it took its course along the valleys, scoring them iu 
the direction of their length. He also showed a large map of the 
Connecticut valley glacier on which was represented the long 
«skar skirting the river and through which its channel has in some 
places beeo cut. The stones in the eskar have, he said, all come 
down the valley, and belong to the region. 

A paper by Prof. G. C, Broadheod was then read by Prof. 
Branner on the Ozark uplift and the history of the palfeozoic in 
Missouri, The author sketched what was, in bis view, the course 
of events during paleozoic time in these mountains, narratiDg the 
story of their upheaval and subsidence in the paleozoic sea. The 
paper was a snmmary of present knowledge on the subject rather 
than a contribution of new material. 

The paper that attracted most interest was by Prof. James Hall, 
of Albany, on the "Oneota Sandstone." He showed a section In 
which the relative position of this disputed layer and its asBOci- 
ated strata was set forth, and explained their relationships. The 
venerable and veteran American palsontologist stated as the re- 
sult of his long and repeated observations that the < 'Oueota Sand- 
stone" passed eastwardly into the lower Gatskilt and westwardly 
into the Portage. Over the latter lies the Chemung thickening 
and to the westward, with this thickening comes in a difference 
of composition, the sandstones of the east giving place to the 
shales of the west. All these overlie immediately the Tully lime- 
stone where this latter exists. Dr. Hall continued his description 
of the Catskill, stating that no marine fossils existed in it, and 
that its almost sole bivalve shell and its large fish indicated rather 
efltuarian,or fresh water, than marine conditions of deposit. The 
mer^ng of the Catskill, lithotogicatly, in the Portage, to the 
westward is very signiflcant in indicating that the fauna of a group 
depends not a little on biological conditions, which are second 
only to secular changes and extinction of species. 

A paper on dynamical geology by Mr. Becker was read in his 
absence by Prof. R. T. Woodward. It dealt with the subject of 
strains produced by stresses, and insisted on the exact defini- 
tion of these and several other terms frequently employed with 
considerable laxity. The paper contained some new views of 
faulting which called forth a few remarks, but in the absence of 
the author a paper so mathematical in its treatment could not he 
fully discussed. 

Mr. Warren Upham had a lengthy paper on the structure of the 
dnmlins of Massachusetts. After alluding to similar objects in . 
other parts of the country, he spoke of the different kinds of 
drift — eaglacial, aubglacial and super-glacial, and maintained 
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thftt dmnilinB had been deposited very near the outer edge of 
the glacial sheet and were caused by acceleration of the upper 
layers of ice, caasing, he said, deposition of material in tiie form 
of an oblong hillock atthat place. To the longer ridges or eekera 
he assigned an origin in the beds of the super-glacial streams 
where gravel was dropped, and this, by gradual settling, at length 
came to reat on the bed of the glacier. 

Prof. G. F. Wright criticised soma of the results published by 
Messrs. McGee and Salisbury from Pennsylvania, and summarized 
the indications of submergence during the Columbian era, in the 
Susquehanna valley mentioning terraces rising to a higbt of 130 
feet al)ove the river at Harrisburgh with others at a lower level. 
He went over the subject in detail tracing the "fringe, " as it has 
been called, into New Jersey, and maintaining that in some cases 
decomposed gneisaoid rock had been mistaken for northern drift, 
especially as atones bearing the marksof creep-strise are abundant 
in several places. This paper called forth considerable contro- 
versy, the extreme views of some on the age of the early drift 
being actively contested, by others. 

Some phases in the metamorphism of the schists in southcgat- 
em Berkshire, Massachusetts, was read by Mr. W. H, Hobbs and 
illustrated by photographs of microscopic sections. One by Mr. 
David White showed a new form of Ta^iiopteris or an allied form 
from the Coal Measures, and illustrated the affinity of the genus, 
and Mr. A. S. Tiffany gave a few interesting facta regarding the ex- 
cavation of the palseozoic strata in Iowa by very ancient cataracts. 
Some of that may become of considerable importance in connec- 
tion with the subject of intei^lacial drainage. 

The council received a cordial invitation from the Royal Soci- 
ety of Canada and the Geological Survey to attend iU winter meet- 
ing at Ottawa, which was accepted. 

At the late ueetinq of the American Association for the 
Advancement of Science, Prof. Jos. LeConte, of California, pre- 
sided over the Association, and Prof. H. S. Williams, of Ithaca, 
N. ¥., over Section E. The meeting was attended by the usual 
excnrsions, receptions and other social diversions. Abont &0(> 
members attended. The next meeting will be at Madison, Wis. 
Following isa list of papers read in Sec. E. Hr. G. K. Gilbert 
also gave a public address under the auspices of the Rochester 
Academy of Sciences, on "Coon Butte and the theories of its ori- 
gin," illustrated by lantern views. 

Terminal moTalaeB In New England. By C. H. Hitchcock. 

A Passage in the His'ory of the Cuyahoga river. By E. W. Claypole. 

Not«s b«arlug upon the changes of the pre-glacial drainage of western 
Illinois and eastern loWa. By Frank LeveretL 

Bxtra-morainlc drilt in New Jersey. By A. A. Wrtsht. 

The volcanic craten of the United States. By ItcbH T. Hill. 

Recent geological eit^loratioDS in Mexico. By Rob't T. Hill. 

Paleobotany of the Yellow Gravel at Bridgetoo, N. J. By Arthur 
Holllck. 
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PreeeatatloD ot nmplea from the Mlt rolaes ot New York. B7 S. A. 
Lftttlmore. 

The mining, metallurgical, xeologlcal ftad miaerologlcai ezhlbita to be 
ehown at the World's Culumbian GipOBition. Bj Geo. F, Kunz. 

CerrO'Ylejo aod its cones ot volcanic ejecla and extmsioii In Nicara- 
gua. By John Crawfonl. 

PaleoboCanj of the Yellow Gravel at BridgetOD, N. J. Br Arthnr 
HolUck. 

Pleistocene geography. Bj W. J. HcOee. 

DiBtributloD nf the LaFajette formation. By W. J. McGee. 

t>ubmarine valleya on Continental slopea. By Warren Unham. 

Cenozoic beds of the Staked Plains of Texas. By E. D. Cope. 

The Homotaxlc relations of the North American Lower Cretaceoua. 
By Robt. T. Hill. 

ExhtbitlooB uf Gueiph fossils found in Rochester, N. T. By Alliert L. 
Arey. 

The American Mastodon in Florida. By John Kost. 

Borne problems of the Mesabi iron ore. By N. H, Winchell. 

The mathematics of mountain sculpture. By Verplank Colvln. 

Is Section H. , Mr. W. J. McGee read a valuable paper on 
"Comparative Chronology, " the principal points of which were to 
greatly lengthen the accepted period of geological h istory, particular- 
ly the later portion of it, but to shorten the period of human his toiy. 
Mr. McGee objects decidedly to all supposed evidence Of man in 
Tertiary time. It seems likely that the term ' 'Tertiary" as applied to 
human remains in central Europe, has been misunderstood, and that 
the term is meant to designate, at least in some ca3es,Bimply the 
Burface deposits which have more lately been denominated drift. 

Mr. W. H. Holmes, who presided over Section H., objects to 
the terms "paleolithic" and "neolithic,' as commonly employed to 
denote human implements of different dates and states of culture. 
He has found both in great abundance in the stone quarries of the 
ancients in Arkansas. The "paleolith" is theunworked "stock of 
the quarry," and as such was cached in quantities, or carried to 
great distances. The "neolith" was made at Icisnre, and as the 
occasion demanded, the same or similar "paleoliths" being 
wrought sometimes into one tool and sometimes into another. 

AcooBDiNO TO Prop. E. D. Cope the "staked plains" of Texas 
are composed of Cenozoic strata, divisible into Equvi bedx, Blanco 
Canon and Lovji Fork, the last being lowest, confirming the de- 
terminations of Prof. Hill. They are underlain by Triassic. The 
Equuiii beds have a well-known vertebrate fauna. The same is 
true of the Loup Fork, Between these faunas, which are totally 
separate and distinct, existed a paleontologic blank, which has now 
bMn filled by the discovery of the Blanco Canon beds. There are 
no marine forms either in these beds of the staked plains, or in 
the Triassic or Permian below. He considers the Equus beds as 
probably of the age of the LaFayette, but that is based wholly on 
paleontologic evidence. 

Prof. Cope obtained remains of Megalonifx in the Blanco Canon 
beds, and several speciesof Equm in the Equus beds. He made 
a rich and varied collection of vertebrate r 
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A World's Conoresb of GEOLooiaTs will be held in Chicago, 
in the Bammer of 1893, in connection vitfa the World's Colum- 
tu&n Exposition. 

The excellent opportunity offered by this exposition for com- 
parative studies of the miaeral resources of the various countries 
of the glotte, cannot fail to act as an iaducemeat for geologists . 
to assemble on this occasion. It is also announced that many 
States in the Union, as well as countries in other parts of the 
world, have made liberal appropriations for their geological 
exhibits at the Columbian Exposition; and the exposition 
as a whole will . surely attract great numbers of scientific vis- 
itors. 

The Congress will be held under the auspices of the World's 
Congress Auxiliary of the World's Columbian Exposition, which 
oiganization is recognized and supported by the United States' 
government as one of a aeries of congresses in the course of the 
exposition season, all intended to show the moral, social and in- 
tellectual advancement of the world at the present time. 

The American Association for the Advancement of Science,on 
its 41st annual meeting, recently (Aug. 16th-22d) held in Roch- 
ester, N. Y., adopted resotutious cordially endorsing the con- 
gresses on the various branches of science within the scope of 
said association, and requested its various sections to appoint 
committees to cooperate with the respective local committees. 
Section K. (geology) acting upon this request, appointed a com- 
mittee of the following geologists, viz.: Thomas C. Chamberlin 
(chairman), John C. Branner, Grove K. Gilbert, W J McGee, 
BoUin D. Salisbury, Eugene A. Smith, Charles D. Walcott, J. F. 
Whiteaves, Geo. 11. Williams, H. L. Williams aud N. H. Win- 
chell. The local committee consists of Joaua Lindahl (chairman), 
Edmnnd Andrews (v. chairman), Victor C. Alderson, W. B. 
Head, Oliver Marcy and Charles W. Botfe. 

The Directory will provide suitable places for meeting, and will 
extend to scientists in attendance all conveniences and courtesies 
consistent with the aims of the Auxiliary. 

It is expected that arrangements will be made to secure the pub- 
lication, in extfiiso, of the proceedings of the I'arious congresses 
and the important papers to be presented at their sessions. These 
pnblications will be a memorial of the civilization or the Nine- 
teenth Century. 

We hop© in the next number of the Gsolooist to communi- 
cate the exact date of the opening of the Geological Congress. 
All communications should, until further notice, be addressed to 
Dr. Josua Lindahl, Geologist, Springfield, Illinois. 

Db. I. C. White has severed bis connection with the West 
Viigiuia University, Prof. S. B. Brown, his late assistant, suc- 
ceeding him in the chair of geologj'. Dr. White will hereafter 
devote his attention exclusively to bis professional work in coal, 
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oil and natural gas, and to bis pri^te hnsiness interests, wbich 
require much of his time. 

Owing to the befdsal of cokobess to vote the usual appro- 
priation for the U. 3, Geological Survey, alt field work has been 
suspended, and all the assistants, and manj of the principal geol- 
ogists have been directed to close up their notes, putting thpm into 
condition for preservation or later use, as may be required. Many 
of the employes are discharged. The curtailment effects paleon- 
tology, petrography and chemistry most severely, and topography 
least. Messrs. Iddings, Penrose and Barns accompany Profs. 
Cbamberlin and Salisbury to the University of Chicago. 

On the newlt established Iowa bcbvey, Mr. Charles K 
Keyes is first assifitant, and Prof, G. £. Patrick, of Amea, Iowa, 
is chemist. 

■ Two NEW DI8COVEBIEB OF Manoanese Obe were reported by 
Mr. Edward Halee, at the recent meeting of tbe Nortii of Eng- 
land Institute of Mining Engineers, one at Mnl^;e, in Lower C^- 
ifomia, and the other at Arenig, Wales. The first is on the west- 
em shore of the Gulf of California. Here several outorops of 
manganese ore veins are found crossing the trachyte which forma 
the bulk of tbe rock. The veins consist of psiomelane and gyp- 
sum and they vary in thickness from a few inches to three or four 
feet. The prevalent direction is about northwest to southeast. 
The chief veins run in wavy lines, consisting of a succession of 
curves, each a few feet long. The best ore is found at La Trini- 
dad, where two veins intersect. 

That found in Wales is in the Lower Silurian formation in 
Eastern Merionethshire. There are deposits of trappean ash and 
feldspathic porphyry, accompanied with manganese ore. This 
ore consists chiefly of psiomelane and occurs in much the same 
manner as does that of Lower California. 

Pbop. William P. Tbowsbidge, of Columbia Coll^;e, died 
snddenlyof heart failure, August 12, at his home in New Haven, 
Conn, In connection with the U. S. Coast Survey, he made many 
valuable contributions to scientific knowledge, and for a time held 
tlie position of scientific secretary to the superintendent of the 
Survey. His loss will be fell by the Institution in whose Facalty 
he held an honored position, and by the many scientific societies 
of which he was a valued member. 
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[Paleohtolooical NorEfi from the Labobatobt of Buchtbl Coi.- 
LEO E, No. a.] 

THE HEAD OF DINICHTHY8. 

Bj E, W. CuTivLE, Akron, O, 

A specimen of the skull of DiiiicJuhyt inltimedini recently 
found by Dr. W. Clark, of Berea, O., has supplied details pre- 
viously unknown regarding the plates of which it was composed. 
I propose in this note to give some account of these in connec- 
tion with a general description of the stracture of the head of 
this apeciea, all the main characters of which belong, doubtless, 
to the whole genus. 

In his admirable "Mont^raph of Fossil Fishes" Dr. Newlterry 
has given (pi. Lit) a small outline sketch of what, in his opinion, 
was the general form of the head and of the individual plates of 
which it was built up. This may be regarded as a condensed 
summary of what had then been discovered of Dinichihi/t. The 
recently found specimen, as might have been eicpecteti from the 
skill and acumen of thiM well known author, coincides to a verj' 
lai^e extent with bis figure and illustrates his familiarity with 
the structure Iwth of the fossil and recent forms. 

The new specimen, however, corrects this diagram in a few 
points and adds others of some importance. 

In the annexed figure* I have represented the right side of the 
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cranium and shown the various plates, and to as great a degree as 
pt^aible, the way and extent of their overlap and nnderiap, but 
in consequence of their co-ossiScation these are in a few places not 
exactly and positively determinable. The specimen figured meas- 
nres ten and a half inches from the tip of the nasal plate to the 
nuchal angle^ and the right side, which is scarcely displaced at all, 
is five and a half inches in breadth. 

The principal new details in the skull are in the forms of some 
uf the plates and the over and underlap which has not previously 
been represented. 

Beside this, the structure of the upper jaw shows important 
additions, the principal of which will form the subject of a future 
'■note." 

THE PLATES OF THE HEAD. 

(1.) The Supra-occipital occupies the middle part of the hind 
margin, and is very massive, being one inch and a quarter thick 
at the maximum, extending forward as shown and very slightly 
nnderlapping both the adjoining lateral plat«s. Its inner face 
carries three ridges, one running forward and the other two out- 
ward and backward along the margin. These latter are verj' 
thick and heavy.and their sutures with the ex-occipitals are nearl}' 
vertical, not underrunning the tatter te any considerable extent. 

The sutures of the supra- occipital with both the parietal and 
ex-occipital or so nearly vertical that it is pgssible the overlap 
may be even the other way. This was certainly the case with 
D. minor whose supra -occipitals are often found separate. In 
these, the ex-occipital underlaps the supra-occipital, and the latter 
is considerably overlapped by. the parietal. In direction tbey are 
nearly parallel with the axis of the head. 

At the junction of these three ridges and in the middle of the 
nuchal line is the well known double socket on the inner face so 
plainly shown in 0r. Newberry's figures. (See pis. iv and lii of 
Monograph). The function of this socket is not exactly known, 
bnt it probably marks the place of insertion of some powerful 
muscle or ligament that connected the head with the rest of the 
body. 

(2.) The I-Jr.-occ ipital p\&t& forms most of the bind margin of 
the head outeide of the supra-occipital and carries the socket of 
that singular lock-joint with the snpra-scapnla which character- 
izes the Arthrodini. On the inner side it moderately overlaps 
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the sapra-occipital and is in tnrn overlapped by the marginal (of 
Newb. and Traq.)- In front it is overlapped by the concave edge 
of the parietal. It may be noted that thia plate does not extend 
so far forward as waa represented by Dr. Newberrj-. The space 
thus set free is taken up by the parietal. 

(3.) The Marginal <N. and T.) forms the outer and hinder 
margin of the head running to a blunt point at its termination. 
As said above it overlaps the es-occipital. It also overlaps the 
parietal inwardly and underlaps the post-orbital in front. It is a 
massive plate folding inward and downward as shown in the figure 
(see section) so as to form part of the roof of the month and at 
the same time to serve as the front wall ,of a deep fossa receiv- 
ing the insertion of the muscle whose function was to lift the 
mandible (temporo-masaeter). The hinder margin of this fossa 
is formed by the ridge of the supra-occipital mentioned above. 
These characters can be seen more or less plainly in the two 
figures above quoted (Monc^. iv and lii) but can be more dis- 
tinctly comprehended from the plan and sections given herewith. 

(4.) The Parietal plate occupies a post-median position in the 
skull and is large and important. Meeting on the median line for 
a short distance its fellow of tbe opposite side, its edge inclines 
backward and outward overlapping largely the supra -occipital and 
ex-occipital behind. It is in turn overlapped by the marginal 
and post-orbital and again overlaps the frontal. It is thick and 
heavy, projecting far on the inner face of the skull and forming 
the front wall of the fosaa already mentioned. It appears to have 
been the solidifying element of the mid-skull, extending as a 
ridge from the marginal to the supra-occipital on the inner face.' 

Judging from the conventional form which he has given to this 
plate in his restoration, its outlines cannot have been clearly de- 
fined in the specimen which Dr. Newberry studied. Instead of 
the small and elliptical area which he has assigned to it, it has a 
lai^e size and an irregular outline and the insertion of this plate 
as above described makes a considerable difference in the post- 
median region of the sknll. 

(5.) The Frontal plate, as the parietal, meets its fellow along 
the mid-line for an inch or more and forms but a very small part 
of the outer face, being largely concealed by the adjoining plates 
all of which it underlaps. These are the parietal, supra- occipital, 
pre-orbital, post-orbital and ethmoid. It is a thin plate which 
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covered ia the bmin. This oi^n lay ia the space between the 
supm-occipiul behind and the psrietals poet-laterallj. How 
much of this it actually occupied it is not possible exactly to de- 
termine. The cavity measures five inches from side to side, but 
if analogy is a safe guide, as it probably is, some of this was oc- 
cupied by the ear-capsules. It is probable that the brain proper 
was limited to the space within the forward projections of the 
parietal plates measuring about two and a half inches. This area 
is well outlined in Dr. Newberrj-'s figures where its boundaries are 
much more clearly marked than in the specimen now described. 

(6.) The Frontal plates, in consequence of their thinness, are 
usually, as in the present case, crushed down so that the brain- 
cavity is almost effaced. But the lateral ' spaces (ear-capsnlea) 
being protected by the massive post-orbitals are uninjured. 

f7.) The Poit-orbilal plate continues the outline of the head 
from the marginal behind to the pre-orbital in front,and the post- 
orbital process forms the hind margin of the orbit. On the upper 
face this plate overlaps the parietal, the frontal and the marginal, 
and is slightly overlapped by the pre-orbital. It ends backward 
in a blunt point. As the marginal it folds under and forming a 
forward continuation of the above-mentioned ridge that bounds 
the temporo-masseter fossa protects the ear-capsale and the lateral 
aspect of the brain. This ridge gradually sinks until it is lost or 
is mei^ed in another on the inner surface of the pre-orbital plate. 

The natural strength of this plate due to its weight is largely 
increased by its form which may be seen by comparing the sec- 
tions with the figure of the skull. 

Just V>ehind the post-orbital process, and on the lower face,ie a 
small and shallow notch (indicated in the figure) for the reception 
of one of the angles of the sub-orbital plate. 

On its lower and inner margin is a strong, stout and cylindrical 
process an inch and a quarter long which evidently Joined by a 
suture some one of the plates that formed the roof of the mouth. 
It slants downward and inward at a low angle (about 15° with the 
horizontal) so as to meet a plate that must in some way have cor- 
responded in position and function to thevomerorthepresphenoid 
of a recent fish. But no trace of any such plate remains in the spec- 
imen here described, though the two processes approached at their 
distal ends within lialf an inch of each other on the median line. 

(8.) Ibe Prr-orhitfif plate is large and outlines the orbit in 
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froDt. Its pre-orbital process is slenderer than the post-orbital 
and meets the front end of the sub-orbital at or near its Junc- 
tion with the pre maxillary, thus completing the enclosure of the 
orbit. The pre-orbital overlaps the post-orbital, the ethmoid and 
the nasal. Its front edge runs from the nasal to the point of the 
pre-orbital process. It is strengthened on its inner face by a 
sharp, low ridge beginning at the point of the process and thick- 
ening inwardly as it rises for about one inch, after whicb It ^ain 
sinks, until at length it merges in, the low, flat end of the temporo- 
masseter and capsular ridge already described. This re-enforce- 
meut of the pre orbital plate is connected with the insertioD of 
the premaxlllary tooth which was carried in part at least on its 
front edge, the remainder being borne by another plate to be men- 
tioned later. 

The nasal openings, or what were apparently such, were situated 
on the front edge of the nasal plate and extended in part on the 
inner front eilge of the adjoining pre-orbital. In the specimen 
described they are on the ver^' margin, but this is owing to the 
loss of the plate to be mentioned below. (No. 12.) 

(9.) The Ethmoiif plate is missing from this specimeu, but it 
is so well known from other examples, and its size and relations 
are so clearly marked on the adjoining plates, that no diRlculty is 
fonnd in tracing it. It overlaps the hinder end of the nasal and 
a large area of the inner edge of the frontal, and underlaps the 
pre-orbital along its inner face. It resembles a spear-head in 
form with the point behind. On its inner face is seen the deep 
fontonelle, regarded as a place of lodgment for the extension of 
the pineal gland to a probable pineal eye. The fontanelle usually 
and perhaps normally, reaches the outer surface by a ver}' small 
aperture, but was apparently in some specimens altogetherclosed. 

(10.) The i^i/na/ plate is trapezoidal in outline and completes 
the front of the head on the median line. It underlaps the pre- 
orbital and the ethmoid and overlaps to a very small extent, at 
its outer edge, the premaxlllary plate, to be mentioned immedi- 
ately. (No. 12.) 

(11.) The Sub-orhital plate is a tbinbladeof bone four inches 
long, with thickened front an<l lower margins, passing at its lower 
front angle into a narrow but thicker projecting arm two and a 
half inches in length and extending forward. On the tower edge 
of this arm is a long, thin, crescentic plate which serves as a hiit- 
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tress or support externally for the great > ■sbear-tooth" so charac- 
teristic of the genus. On its inner face this arm also curies an 
npwardly concave, horizontal plate which formed the floor of the 
orbit, enclosing, nith the pre- and post-orbitate, the cavity for 
the eye. In front the snb-orbital formed a sntoral connec- 
tioD with 

(12.) The PremaxiUarg. This plate, which has been hith- 
erto anknown, is not found in the specimen here described, but 
its presence has been established from others. A complete de- 
scription of it will he given in a later note, as ita relation to the 
teeth would require the introduction of the subject of the denti- 
tion. For the present it must suffice to say that it completed 
the outline of the fore-part of the head, enclosing the nasal (^>en- 
ings and filling up the recess observable between the nasal and 
the pre-orbital plates. 

The great shear-tooth set in the upper ]aw on the lower face of 
the BUb-orbital is shown in the diagram, but it has been so fully 
and clearly described and figured by Dr. Newberry that nothing 
further need be added here concerning it. 

(13.) The Pout-marginal plate, figured by Dr. Newberry in lils 
diagram, ia not found in the present specimen, nor are its rela- 
tionships yet clearly known. It apparently formed one of several 
thin blades of bone whose office was the connection of the lower 
jaw with the head and which are usually found in so broken and 
confused a condition that their interpretation and re-construction 
hnve not hitherto been possible. 

The principal "slime-canals" ha\-e been indicated. These are 
four in number. Three of them arise nearly together, about the 
meeting point of the supra- occipital, parietal and frontal plates. 
Of these, one which may be called the pre-orbital canal, runs 
almost straight to the anterior edge of the skull. It has not yet 
been traced on to the premaxillary plate. Another, which de- 
serves the name of jij^-orbitBl, runs to the central region of the 
plate of the same name where, slightly curving, it passes to the 
margin and Ib continued on to the sub-orbital plate to meet the 
sub-orbital canal. This runs from the hinder and lower angle of 
that plate forward to its junction with the premaxillary pUte and 
will doubtless be found continuous there with another when that 
plate is better known. The occipital canal starts nearly with the 
first and second and runs outward and backward to the lock-joint 
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«f the supro-scapula, where it sends off a brancb, the snpnt-scap- 
ular, which oontinueB over that plate nearly in a straight lin« 
through its middle. Turning sharply, almost at a right angle, 
ontward and forward, the occipital canal continues till it meets 
the marginal canal. This skirts the outer edge of the head from 
the hinder angle of the marginal plate to the post-orbital canal 
which it meets nearly in the centre of the plate of that name. 

Besides these, there are indications of another, banning in the 
angle between the pre-orbital and post-orbital canals and running 
forward and outward along the line of external autnre of these 
plates. Turning sharply outward, after a short coarse, it termi- 
nates at the edge of the hinder part of the orbit. This is less dis- 
tinct than the others in consequence of a p was ible confusion with 
the almost coincident pre-post- orbital suture. 



EXTRA-MORAINIC DRIFT IN NEW JERSEY. 

A. A. Wrisbt, Ob«rIln,0. 

There is a snare in the words "terminal moraine" as applied 
to the great ice sheet ot the Glacial Epoch. On the one hand 
there is not ont terminal moraine, but many; a dozen perhaps, in 
retreating order, as. urged by Mr. llpham for Minnesota, ami as 
shown by the recent work of Mr. Leverett, in Ohio, and as illus- 
trated everjwhere within the glaciated area. On the other hand, 
the tfrmlnal terminal moraine, that is to say, the southernmost, 
is not terminal for the ice sheet, in the sense of accurately mark- 
ing at every point the utmost extension of the land ice. Another 
expression, based upon a different geological conception, is 
needed for this line; and the words "glacial boundary" have been 
widely used and accepted. The terminal moraine cannot go 
south of the glacial boundary, but the glacial boundary may, and 
does often, lie many miles to the south of the terminal moraine. 
The area between fhe two lines, where they do not coincide, is 
marke<l with true signs of glaciation, and is covered with a thin- 
ner or thicker layer of transported material, which represents the 
worii of the lot* of ice which once extended over it, but which 
was withdrawn before it had formed a definite lioundary moraine. 
When we reflect that the Laurentide glacier was a fan-shaped 
sheet, radiating from a northern center, and not like the Swiss 
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glaciera, gathered from a wide amphitheater to termioate below 
in an apex in a narrow valley, we can see that there is room for a 
wide variety in the terminal deposits. 

The distinction between the terminal moraine and the true 
glacial boundary, was, as a matter of hietor}', not so clearly in 
the minds of geologists when the task of tracinf; the terminal 
moraine acros < the continent was begun as it is bow. Shortly 
after Mr. Upham had described the moraine as it exists on Long 
island, the official geolt^ists of the New Jersey survey, profes- 
sors Cook and Smock, traced the moraine across that state from 
Perth Amboy to Belvidere. Their annual reports for 1877 and 
'78 contain the details of the location and structure of this mo- 
raine. Professors Lewis and G. F. Wright then took up tbe 
work for the Pennsylvania survey; and their experience, especi- 
ally in western Pennsylvania, convinced them of the importance 
of giving attention to the extra-moraintc glacial deposits. Al- 
though it was assumed, both in the New Jersey and the Pennsyl- 
vania reports, that the terminal moraine rested essentially upon 
tbe glacial boundary, yet professor Lewis, in closing the report 
upon Pennsylvania, stated that a study of tbe extra morainic de- 
posits would form the subject of a special report in the future. 
His untimely death, however, prevented bim from completing the 
work. 

The boundary line was carried through Obio, Kentucky, In- 
diana and Illinois by professor G. F. Wright, and it will be noticed, 
both in his reports and in his maps, that be distinctly abandoned 
the purpose of tracing a continuous moraine, and pursued that of 
tracing the glacial boundary. 

This frequent no n -coincidence of tbe glacial boundary, and tbe 
terminal moraine, is tbe key by which are to be explained many 
of the observations to which I am about to allude. 

During the present summer, 1 bad tbe welcome opportunity of 
doing some field work in New Jersey, part of the time in com- 
pany with professor G. F. Wright, whose wide experience in 
glacial geolc^y will give to our joint observations a value which 
they could not possess if made by myself alone. 

Attention has recently been drawn to the extra- morainic drift 
of New Jersey by professor Salisbury in two papers ; the first being 
given at the Washington meeting of tbe Geological Society, one 
year ago; tbe second being published in tbe last annual report of 
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the State survey.* In these pnpera many localities are given 
where glacial, or probably glacial, deposits have been found, south 
of the terminal moraine traced by piofessora Cook and Smock. 
Detailed deBcriptinns of some of the deposits are given, and their 
origin is explained. I am indebted to these papers of professor 
Salisbury for a list of localities, many of which I have visited, 
and it is a pleasure to confirm the accuracy of the descriptions in 
most essential points. I shall only attempt to add some details, 
which it is hoped may throw additional light upon the nature of 
the deposits, and perhaps to show, that a somewhat different in- 
terpretation of their origin may be fairly entertained. 

It would seem, as a result of our investigations, that the de- 
posits at localities descrilied as showing extra- moral nic glaciation, 
extending from Belvi<lere and Oxford Furnace on the north, to 
the vicinity of Trenton and Monmouth Junction on the south, 
may all be comprehended under three groups. 

1. Trar Glacial i'f/totiVji, laid down bj' the same ice sheet that 
deposited the moraine, and nearly contemporaneous with the moraine 
in their origin. The northern localities Iielong to this group. 

2. Wntfr ZJcpo*(V». whether of currentor delta formation, or 
carried by floating ice. The southernmost localities belong to 
this group. 

3. LoettI Dfjiotili, which have the anomalous aspect of lieing 
glacial deposits in an unglaciated area. These, when better un- 
derstood, are likely to be thrown back into the first group, or else 
>>e explained by agencies which are non-glacinl. The two lo- 
calities belonging to this group nre High Bridge and Patt«nbui^. 

The region containing the first group of deposits is in the 
southwestern Highlands of New Jersey. Three parallel moun- 
tain ridges run southwesterly through it; tbf Musconetcong. the 
Pohatcong and Scott's mountain. The ridges are of Archtean 
fineisB. and carry extensive deposits of iron ore. The intenen- 
ing valleys are of m.ignesian limestone and Hudson River shale. 
The moraine runs eastwardly across these ridges, from Belvideit! 
on the Delaware river through or near Biitzvillo, Peciuest Furnace, 
Townslinr)-, Hnckettstown and Budds lake; rising from HOU feet 
almve tide at Belvidcre to 9tlO feet at Budds lake. 

In this triangular area, between the moraine on the north, and 
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MuBCOoetcong mountain on the south, it is possiUe to trace a 
irell connected series of glacial deposits, embracing all those 
irhich I would refer to the first group. This covers the localities 
of Oxford Furnace, Oxford church, Little York, Brass Castle, 
Washington, Pleasant Valley, probably Mt. Bethel, though this 
place was not visited, Roxburgh, Harmouy, Lower Harmony, the 
country northeast and east of Phillipsbui^, and also southeast 




to SpriugtowD, Hughesville and Musconetcong mountain at a 
point two miles south of Bloomsbury. 

Avoiding as far a& possible the stream valleys, the higher 
divides were explored. These deposits were found at the follow- 
ing levels 1 

Oxford Furnace 530 ft. Little York 850 It 

BrasaCaatle 700 " Washington 000 " 

Harmony .,, 560 " PhillipHburg.N. E...875 to460 " 

MuBCOnetcong mountain, for a distance of three miles, at TOO 
to 7e0 fwsl. 
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On Scott'a mountain, commencing three miles sooth of Rox- 
burgh, for a distance of one mile, at 720 feet. 

The water in the l>claware river has an elevation at Belvideie 
of 229 feet-, at Philtipsburg and Easton 156 fe«t', at Blegelsville, 
at the lower end of Musconetcong moimtaiD, 129 feet. 

These figures are aatBdent to show that the deposits in ques- 
tion caoBot be attributed to the agency of streams, flowing from 
the glaciated regions lying northward, but on the contrary, must 
be due, as hf>.8 been ui^^, to an ice-sheet upon the land. 

The litholt^ical and stratigraphical composition of the deposits, 
especially, proves them to be glacial. 1 scarcely know where to 
point for finer examples of genuine glacial deposits, than to those 
at Little York, Oxford Furnace, and the two cuts north of Wash- 
ington, the latter of which are five miles south of the moraine. 
At Oxford Furnace, for example, where the exposure is from ten 
to twenty feet thick, there is the greatest variety of pebbles and 
bowlders, drawn from every source, and of various sizes and 
shapes, imbedded heterogeneously in a matrix of sand and clay. 
The predominating bowlders are of gneiss from the hills close at 
hand. All of these are angular in shape. Some of them show 
^^^y, green epidotic stripes; some have rusty, ferruginous 
stripes; while others carry free quartz containing tourmaline 
crystals, like specimens quarried from the Oxford tunnel. Mag. 
nesian limestone also ciops outt in place, here; and fragments of 
it, completely scored on everj' side, were imbedded in the till. 
There were also fragments of limonite ore; black fiint, probably 
from the limestone; angular fragments of shale and slate, both 
Htriatad and unstriated. But besides these elements, of local 
origin, one is able in a few moments, to take samples of many 
other rocks from far away, such as coarse granite, with large, 
pink orthoclase crystals; milky quartz, perhaps from the slate 
regions to the north ; Medina sandstones or quartz Ites from the 
north, the dark gray, red and purplish varieties, as well as the 
more characteristic whitish variety, whose surface tans to such a 
beautiful, smooth leather color; Oneida conglomerate, a bowlder 
2x2x6 feet, brought all the way from Kittatinny mounUin, at 
least, its comers well rounded, as is the case with most of the 
northern material. Fragments of leached and spongy sandstone, 
perhaps feldspathic, are also found, while ail are mixed in the 
fine confusion that demonstrates their deposition by an ice sheet. 
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The surface of the cotiDtrj- all around is atrewD with ^eisa, aad 
also witb qnortzite bowlders, which were traced coDtinoneIr from 
the moraine at Butzvilte southward to Washington. It is a matter 
of surprise that such pronounced glacial deposits should ever 
have been relegated to an unglaciated area. They are of the 
same nature as many of those which are made to do dnty as por- 
tions of tbe terminal moraine. Although it was constantly in 
our minds, we were unable to see any chemical basis for separat- 
ing these deposits from those of the moraine, such as superior 
oxidation or ferrugination. It should be Doted that the gneiss 
which somewhat dominates the deposits at Oxford Furnace is 
often bombleudic and is seamed with iron ore. 

Kvidence of glaciation In several other parts of the triangle re- 
ferred to was observed, though surface features had to be relied 
upon, as cuts and excavations were commonly wanting. For a 
distance of eight miles northeast of Pbillipsburg, the high ground 
of Scott's mountain was explored upon two different roads. 
Everywhere there was found at least a thin scattering of foreign 
bowlders— conglomerates and quartzites predominating— while at 
several points there were notable accumulations of these, as at 
Harmony, a mile and a half east of Harmony, and two miles 
south ot liower Harmony. Southeast of Phi Hips burg also 
they arc generally distributed, with special accumulations 
on the pass between Springtown and Hughesville at an 
altitude of 320 feet, a mile east of Carpentersville at 250 
feet, and for a distance of three miles on the north slope of 
Musconetcong mountain, south of Hughesville and Bloomsbury, 
at altitudea from 700 to 760 feet. Atwve this altitude, on the 
summits rising to SIOO feet and more, only the local gneiss bowl- 
ders occur. This is the only locality where the ice-sheet is known 
to have reached Musconetcong mountain, though there are 
northern bowlders in the valley a mile or two west of New Hamp- 
ton Junction at an elevation ot 450 feet. These latter bowlders, 
however, were not traced into connection with the deposits north- 
ward at Washington, and it is possible that they have suffered 
dome water transportntion since the retreat of the ice. 

So far as is yet known, the ice did not flow over any of the 
passes on Musconetcong monntain and down its southern slo|>e. 
A little stream has carried some of the Kittatinny mountain 
((Uartzitos down the south slojw to Little York in Hunterdon 
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county, from the 700 feet level just described. But it is most in- 
structive to observe that, aside from this stream, the region about 
Little York is absolutely free, not only from nortbem bowlders, 
bat from the gneissoid rocks of the overhanging mountain ae well. 

From the preceding account, therefore, it would appear that in 
western New Jersey the terminal moraine did not mark the true 
glacial boundary, but that the ice sheet must, for a certain period, 
have extended at least five miles further towards Washington, 
and at least 14 miles south of Bclvidere npon the flanks of the 
musconetcong mountain. 

The second group of reported giaciai deposits south of the 
moraine are the southern ones, such as those at Monmouth Junc- 
tion, N. J., and at Fallsington, Pa., three miles west of Trenton.* 

As one approaches Monmouth Junction on the Pennsylvania 
railroad from Trenton, it is noticed that as soon as the city limits 
are left behind, the cuts are all in a red gravel, which 1 assume 
to be the Columbia formation. It is a flood deposit from the 
Delaware river, with a very uniform level of from 80 to 100 feet 
above tide. It continues the entire 15 miles to Monmouth Junc- 
tion, and several miles beyond. At the Junction there is a cut 
15 feet deep in a uniformly stratified gravel, characterized by 
white and yellow pebbles, mostly less than au inch in diameter. 
With infinite labor, one faintly, but really, striated, water-worn 
pebble was found, but there is no evidence that it was left in its 

*At tbe meetlDg of the A. A. A. S., at which this paperwas presented, 
professor Salisbury disclaimed the intention of aasertiug that an Ice-sheet 
had eilstert as far south as Trenton, or over the center of Hunterdon 
county. The language, which I am sorry to have misluterpreted, is as 
follows: "The poiols lu New Jeraev and Pennaylvsoia mentioned above, 
however, [Oxford Furnace, High flridge, Pattenburg, New Bruoawicli, 
Bethlehem, etc.], are not the southernmost localities where glaciated ma- 
terial Is known to occur. Striated bowlders have been found both by Mr. 
Chaa. E. Peet and the writer at and near Monmouth Junction, nearly 
twenty miles from the moraine at Its nearest point, and fully forty miles 
south of the moraine ou the same meridian. Glaciated material has also 
been found at Kingston, about half way between New Brunswick and 
Trentou. It has beeu found iu Pennsylvania, about three miles west of 
Trenton, near Falslngton. The similarity of the surface material of this 
locality to giaclal drift (till) was flrat recognized by professor Smock. 
Striated material has also been found at Bridgeport (opposite Norris- 
town). Pa., by Mr. Peet and the writer, at least ten miles south of the 
parallel of Trenton. As at Falsington, the striated material is here im- 
bedded in clay of such character that were the locality known to have 
been covered with ice, its reference to till would be fully warranted." 
Bull. Oeol. Hoc. Am. Vol. 3, pp. 113-180. 

Also: "In Ita southern.estension the ice reached the region of the 'yel- 
low gravel' formation," Ann. Report, State Geologist, p. 107. 



iyGOO<^IC """ 



214 The American. Geologist ocMUer, lev 

present position by ice. A mile or two further oa the cute &re 
shallower, and an admixture of coarser material is observed, 
though the red gravel continues. Angular fragments of eruptive 
diabase from immediately beneath, form a rough floor; well- 
rouuded and polished northern quartzites, Oneida and Triassic 
conglomerates, and Triassic red saudstoneB up to a foot or more 
in diameter are imbedded in the gravel, while the surface for miles 
around is well supplied with these, and with larger, less rounded 
quartzites and conglomerates, up to two and three feet in diame- 
ter. Striated pebbles are very rare, and the whole can be ac- 
counted for, at this low level of 100 feet, by water and floating 
ice, without invoking the aid of an ice sheet. 

In the third category I have placed the two deposits at High 
Bridge and Pattenburg, both at the foot of the southeastern 
slope of Muaconetcong mountain; one, where the Jersey Central 
railroad comes across, and the other where the Lehigh Valley 
road comes out of its tunnel. In several particulars they are 
very difllerent from the more northerly deposits, and they well 
merit the special descriptions and emphasis which professor Salis- 
bury has bestowed upon them in his annual report. Whilst they 
are partly etratifled and partly unstratiGed, containing material 
ranging from clay and sand up to bowlders of three aud even 
seven feet in diameter, and are plentifully supplied with shale 
fragments with clean aud sharp striations, still, on the other hand, 
it is to be noted : 

1. That the material of the deposits is exclusively local. No 
northern rocks could be Connd. At High Bridge the deposit 
rests iu a cradle of gneiss rock in place, and the hafd bowlders 
are all gneissic or granitic, uot rounded, and may have been 
gathered from the slope which rises 450 feet above. At Patten- 
burg the floor is Triassic shale and conglomerate, but the bowl- 
ders are gneissic, like those that are to-day creeping down the 
mountain slope on the north. The Hudson River shale and flinty 
limestones must be counted as local rock, even though no outcrop 
was detected in close proximity to the deposits.* 

*The High Bridge deposit waa visited before I had Been the true drift 
material to the aorth of it. The entire abaence of any nortbem element 
cannot therefore be staled quite so confidenlly for High Bridge as for 
Pattenburg. While the discovery of a aingle well-ideatltied northern 
pebble at either place would be of sreat algDlficauce, it could not alter 
the fact that these deposits are in radical contrast with the more north- 
erly ones in the proportion of local material wbieh they contain. 
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2. In the country roond about these deposits, and especially 
on the high land to the northward, no signs of glaciation could be 
discoTered. From High Bridge northward four miles to White- 
hall, and thence southwesterly towards Olen Gardner, no signs of 
northern drift or ice-work were detected. Similar search north 
and sooth of Patteobui^ gave the same results, aa did also the 
study of adjoining railroad eats, east and west on both roads; 
so that we are apparently presented with the spectacle of glacial 
deposits, in a r^on never invaded by an ice sheet; a matter 
which cannot fail to provoke further investigation. Were it not 
for the emphatic and convincing etriation, both of the shale and 
gneissoid bowlders, we might turn with more hopefdlness to an 
investigation of the possibilities concealed in landslides, and the 
Becnlar creeping of plastic soil containing rock fragments, upon 
elopes of sufficient inclination in order to acconnt, both for the 
Btriations of the rocks and the heterc^eneona structure of the 
deposit. In the absence or meagerness of knowledge, however, 
upon this subject, and in view of the evidence that farther south 
upon this mountain, the ice-sheet abutted at a level of TtiO feet, 
it may be more rational to suppose that over some passes, not yet 
discovered, some fingers of the ice-aheet may have extended for 
a sufficient time to form these limited and sharply isolated de- 
posits. 

Great relative antiquity as compared with the moraine to the 
north has been thought to attach to the deposit at High Dridge, 
as evinced by the extreme oxidation, leaching and ferrugination 
of its elements. The facts already stated will perhaps show why 
it posseases these characters. Its materials have never been sub- 
jected to the washing and scouring of a long glacial journey. 
The results of ancient oxidation and kaolinic decomposition are 
still visible in its elements just as they arc in the rotting Archiean 
gneiss at its side, which still remains in place. It is also the case 
that the stratiBed portion of the deposit has t>een cemented into a 
veritable conglomerate, ao tough that blasting was necessary in 
its excavation, by a highly ferruginous cement, whose origin is 
not far to seek. For here, as at Oxford Furnace, the gneiss con- 
tains a considerable proportion of ferruginous minerals, and at 
the High Bridge mines close by, it may )« seen graduating into 
a lai^e-graine<) hornblende schist, lying close to the layers of 
iron ore. The <lrainage water from such rocks as these w ili in- 
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evitablj- supply an abuiulant quantity of ferrnginous material to 
the deposits at its base. 

The interpretation given to these extra -morainic deposits must 
of necessity have its bearing upon the qnestion as to the exist- 
ence of an earlier ice-sheet which once covered the state of New- 
Jersey as far south as Trenton and the line of the yellow gravels. 
So far as the deposits which we have discussed can be referred to 
the later ice-sheet, or to water transportation or to any other sim- 
pler and sufficient causes so far, of course, they must fail to ^ve 
support to the theory of an earlier ice-sheet. 

While not wishing to enter fully at the present time upon a 
discussion of the existence of such an ice-sheet in the past, I 
will, in closing, mention two points, which while negative, would 
atill^eem to have something more than a negative bearing against 
such a supposition. 

The first is, that no such ice-sheet has done dutj' in depositing 
northern material over the large Triassic area of Hunterdon county. 
Sot a northern jjebble could I find upon the high plateau west of 
Flemington, in the region about Cherryville, Quakertown, Croton 
and Little York, where the elevation is from 600 to 650 feet. Nor 
are there any on the low ground at Flemington and southward and 
eastward, where the elevation is from 125 to 250 feet. At hundreds 
of places the entire thickness of the soil is exposed down to the 
rock in place, and the complete identity of the soil with the un- 
derlying rock, without any foreign admixture, is perfectly clear. 

Finally there may bo added one critical test, of the same sort, 
to which this supposed ice-sheet has failed to respond. It has 
failed to disturb the fragments of trap rock that lie upon the sum- 
mit of Sourland mountain, whore they have l>cen exposed to the 
weather presumably since the close of the Jurassic :^e. Sour- 
land mountain is a low swell, reaching an altitude of aljout 500 
feet and extending from Neshanic, south west ward ly to the Dela- 
ware river at Lambertville, The center line is trap while this ia 
flanked on both sides by indurated Triassic shales, I have crossed 
this mountain at three different places, at Buttonwood Corners, at 
a point two miles west of Rocktown and at Lambertville, and at 
no point do these diabase bowlders appear to have been carried 
over upon the borders of the Triassic, l>y any force whatever, not 
even by gravity. It is difficult to see how an ice-sheet could 
have passed over without trans|K»rting some of these fragments. 
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PLEISTOCENE PAPERS AT THE ROCHESTER 
MEETINGS. 

During the sessions of the Geological Society of America, 
August 15 and 16, and of Section K (Geology and Geography) 
of the American Association for the Advancement of Science, 
August 17-22, 1892, in Rochester, S. Y., a considerable number 
of papers, which are here briefly notices), related to the Pleisto- 
cene period. 

UEOLOOICAL SOCIEtV OF AMERICA. 

Slitilies of Ihe Coa„ect!cHt VaUry Glacier. By C. H, HlTCK- 
COCK. The pori;ioQ of the Connecticut river valley described In 
this paper extends from Lyme and Hanover south to Claremont, 
N. H. On each side of the valley the enclosing hills and uplanils 
rise within a few miles to a hight of 500 feet or more abovenhe 
river. Glacial strite on these highlands bear somewhat uniformly 
about S. 30° E., while in the valley their prevailiug direction is 
to the south or slighly west of south, conforming with the course 
of this depression. Bowlders and other drift materials have ]>een 
transported in these diverse directions, southeastward on the higher 
country and southward in the valley. But occasionally striie of an 
earlier southeastward glaciation are also found in the valley, pre- 
served in holLo^B or on sheltered parts of the rock surface and sur- 
rounded by the marks of the southward ice-9ow. Either the cur- 
rents of the ice-sheet were here deflected southward during a late 
stage of the general glaciation, or a local glacier lingered in this 
valley after the ice on the higher land was melted, the latter 1)eing 
r^arded by the author as the more probable esplanation. 

In the ensuing discussion, Mr. Warbem Upham spoke of the 
Connecticut valley esker (called a kame in the Geology of New 
Hampshire, vol. iii), which was traced twentj'-four miles along 
the axis of this portion of the valley from Lyme, N. H., south 
to Windsor, Vt. When the receding border of the ice-sheet had 
become thinned by ablation, its surface here descended from each 
side toward the supei-glacial river by which the esker was lieing 
formed, and there was probably on indentation or embayment of 
the glacial boundary at the river's mouth. The glacial currents 
which had before passed southeastward even in the bottom of the 
valley appear to have then turned to the south and west of south, 
being deflected perpendicularly toward the indented edge of the 
waning ice-sheet. 
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Profs. E. W. Claypole aad W. H. Niles doubted that an 
cmbayment of the ice-border could be formed in the Connecticat 
valley, and referrei) to the valley glaciers of alpine districts as 
suggestive that local glaciers might continue in valleys for some 
time after the departure of the ice-sheet from the adjoining high- 
lands. 

Mr. 6. K. OiLBEBT spoke of the question whether the abla- 
tion of the departing ice-sheet caused its portion south of the 
White mountains and southeast of the Green monntain range to 
be at last divided by these highlands from the ice farther north, 
so that its pressure by a great thickness of ice in Canada ceased, 
leaving the southern portion to take new conrses of outflow de- 
pendent only on its own mass and the contour of the land. 

Oonditioni of accumulation of drumUn». By Wabbem Up- 
HAM. Descriptions of the various forms of these hills of glacial 
drift or till, and of their known distribution in the Unit«d States 
and Canada, were followed by discussion of the evidences that 
they were accumulated rapidly beneath the thinned and receding 
border of the ice-sheet, being probably in lai^e part built up by 
lodgment of previously englacial drift. In becoming lodged on 
the drumliDB or on other and low deposits of subgtacial till, 
bowlders and pebbles of drift that had been englacial would be 
considerably striated and planed; but the drift which fell loosely 
on the surface from an englacial or superglacial position when the 
ice disappeared would be mostly angular, not being thus sub- 
jected to attrition. At a great distance from the edge of the ice- 
sheet and within all its central area, the currents of its upper and 
lower portions probably moved outward with nearly equal rates, 
the upper movement being somewhat faster than at the base. 
Upon a belt extending many miles back from the marein, how- 
ever, where the slope of the ice-surface had more descent, the 
upper currents of the ice, unsupported on the outer side, would 
move several times faster than its lower currents, which were im- 
peded by friction on the land. There would be accordingly 
within this belt a strong tendency of the ice to flow outward vrith 
curved currents, tending first to carry drift upward into the ice- 
sheet and later to bear it downward and deposit it partly beneath 
the edge of the ice and partly along the ice boundary. The 
author believed the drumlins to be submar^inal drift accumula- 
tions chieQy so deposited inside the course of contemporaneous 
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terminal moraines, or often formed during the glacial recession 
while no halt or r^-advance of the receding ice-mai^n permitted 
the formation of moraines. But the irregular distribution and 
grouping of the dmmliDS, thetr absence upon many large areas 
thickly covered by drift, and the occasional occurrence of lone 
drumlins, remain to be explained and seem to present the most 
difficult problem relating to the action of the ice-sheet. 

In discusaion, Prof. R. D. Salisbukt thought the accumnla- 
tion of drumlins easy to understand, but could not account for 
their occurrence in limited belts and groaps or singly, while ad- 
joining large tracts have none. The term engtacial drift he would 
restrict to the drift carried long distances in the upper part of the 
ice without intermingling with the more plentifuJ drift in the basal 
part of the ice-sheet. Much of the drift transpprtation he be- 
lieves to have taken place by dr^ging under the ice. 

The txtrn-miirainic drift of Iht Siuqutkanna tatlct/. By G. 
Fbedebick Wbight. The extreme advance of the ice-sheet is 
held to be marked in the Susquehanna region by a thin mantle of 
drift with plentiful bowlders, extending to a distance of several 
milee in front of the fonapicuous belt of hilly drift denominated 
the terminal moraine. In tracing the moraine through Pennsyl- 
vania, the author, with the late Prof. Henry Carrill Lewis, named 
this extra- morainic drift a ■■fringe," believing its deposition to 
have been nearly contemporaneous with the accumulation of the 
morainic hills. Terraces of stratified drift deposits, with infre- 
quent bowlders, occurring farther south along the Susquehanna, 
which have l>een regarded by Mcdee as evidence of a marine 
submergence ct^tnging the valley to an estuary, are thought in- 
stead to be of fluvial origin, belonging to a time when the land 
there was slightly depressed, but not to the sea level, near the 
close of the Glacial period. 

In discuBBion, Mr. W J McGke defended his interpretation of 
the terraces; and Prof. R. D. Sausbcrv objected to the term 
'■fringe," because this extra -morainic drift is referred by him, as 
also by McGee and others, to an earlier epoch of glaciatlon, ap- 
parently several times as long ago as the last glacial epoch when 
the moraine was formed. 

BECTIOX E, AMERICAN ASSOCIATION. 

Ill I/ew England. By C. H. Hitchcock. 
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After referring to the onter moraines which were traced fifteen 
years ago on Long Island, Martha's Vineyard, Nantucliet, the 
Elizabeth Islands, and Cape Cod, and the moraine in northern 
Massachusetts recently reported by Mr. Ralph S. Tarr as reach- 
ing from Cape Ann westerly to the Connecticut river, the author 
described morainic belts which he has observed in \ew Hamp- 
shire and Vermont, characterized by drift bills and knolls of very 
irregular and broken contour, with abundant bowlders, and en- 
closing m&ny ponds in depressions of the drift. One of these 
belts extends from the south side of Squam lake northeasterly to 
the vicinity of Conway, N. H. Another is traceable from near 
Burlington, Vt. , eastward to Umbagog lake and the Bangely 
lakes in the west etige of Maine. 

-■1 patnagi' in the bitCory nf the Cugahoga rii-er. By E, W. 
Claypole. This river of northern Ohio flows in a preglacial 
valley along nearly all its course from Akron to its month at 
Cleveland. In one place, however, the river flows in a rocky 
gorge on the west side of the old valley, which there had become 
filled with drift to a hight somewhat above its enclosing rock-wall. 
The postglacial erosion of this gorge and of the drift filling the 
valley seems capable of affording, with further study, a measure 
of the time since the recession of the ice-sheet from that area. 

Notes heiiring upon the chmigea of the pregliiciiil tlruiunge nf 
WMteni llUifiU andnisteni Tiiwii. By Frank Leverett. Deep 
wells indicate that a drift-filled valley extends from the Missis- 
sippi river near its must eastern portion on the boundary of Iowa, 
above the Rock Island rapids, southeasterly to the Illinois river. 
It seems therefore worthy of inquiry whether this may have been 
the preglacial course of the Mississippi, since the rock goi^es of 
the Rock Island and Des Moines rapids show that between south- 
eastern Iowa and Illinois it has cot a new channel after being 
turned from an earlier valley by the ice-sheet. In preglacial and 
intergtacial times, however, a large river ran in the present course 
of the Mississippi below Keokuk, and the drift-filled valley of 
this river was traced by Gen. G. K. Warren past the De« Moines 
rapids on their west side. 

Extn'-moromic drift in New Jern-y. By A. A. Wrioht. In 
the west part of northern New Jersey a general sheet of till 
covers the country southward from the terminal moraine at Bel- 
videre for a distance of a dozen miles, across Scott's and Pofaat- 
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cong mountains to the Musconetcong range. This drift sheet 
eDcloees plentiful bowlders and smaller rock fragments from 
formations lying north of the terminal moraine, and it is be- 
lieved by the author and by Prof. G. F. Wright that it belongs 
to the same epoch of glaciation as the moraine itself. Close 
Bouth of the Musconetcong mountain isolated deposits of till are 
found at Pattenburgh and High Bridge, which contain chiefly or 
only stones derived from adjacent formations, having none from 
the saDdstone of the Kittatinny range, although that sandstone is 
plentiful in the drift between the terminal moraine and the Mus- 
conetcong mountain. The Pattenbui^h and High Bridge de- 
posits seem therefore referable to local glaciers, probably con- 
temporaneous with the maximum extension of the general ice- 
sheet. 

In discussion of this paper, Prof. K. D. Salisbury and W J 
McGez attributed the ex tra- moral nic drift of this district to a 
far more ancient glaciation than that which formed the terminal 
moraine at the farthest limit attained by the last ice-sheet. If 
the antiquity of the moraine be expressed by unity, that of the 
drift reaching thence southward, as shown by the prepress of 
subaerial erosion and by the oxidation of the drift and the decay 
of its bowlders and pebbles, appears to require surely two figures 
for its expression. This drift beyond the moraine has been es- 
timated variously to be from ten to Bfty times as old as the mo- 
raine and the drift sheet that extends thence northward. 

PnhohMwiy of ih-. Y'-lh.ii^ Orm-cl -it BndgHo», If. J. By 
Abtbdr HoLLicK. Leaves of about twenty-flve species of plants, 
representing nearly twenty genera, among which are Magnolia, 
Asimina, Diospyros, and Peraea. have been collected from the 
yellow gravel, sand, and loam at Bridgeton, in southern New 
Jersey, the only locality where fossils of any kind have been 
found in that formation. All these species are still living in 
the flora of the southern states, but noue of them range north 
of New Jersey. It is the most completely recent collection of 
plants ever found in a fossilized condition. 

Mr. McGee, in discussion, doubted that this deposit could be 
referred to cither the Lafayette or Cohimbin formations, and sug- 
gested that more probably it had been eroded and re-depositod 
during the postglacial epoch, then receiving its fossil leaves, 

Mr. Lester F. Ward, having examined the locality, believed 
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that the stratum coataiaing the leaves ia a part of the Lafayette 
formation, having not been diatnrbed since ite original deposition. 
On this evidence the Lafayette epoch would belong in the Pleis- 
tocene period, instead of the Pliocene, to which it has been pro- 
visionally referred. 

SnhmaTine valleyt on continental ilopr.t. By Wakrbn Upham. 
The submarine fjord of the Hudson river, whose bottom is 2,S44 
feet below the sea level, and the similar valleys discovered by 
Prof. George Davidson off the const of California, one of which 
sinks to the depth of 3,120 feet where it crosses the submarine 
contour line of 600 feet on the continental slope, are sarpaased 
by the submerged cafion of the river Congo. This caiion, of 
which a description and map are given by Mr. J. Y. Buchanan, 
in the Scottish Geographical Magazine for May, 1887, extends 
about a hundred miles out to sea from the mouth of the Congo, 
and descends to a depth of more than 6,000 feet beneath the sea 
level. Along its last twenty miles before it enters the ocean, the 
Congo has a depth of 600 to 1,450 feet. At the month of the 
river tbe width of this gully, as Mr, Buchanan calls it, is three 
miles, and its depth is 2,000 feet. Thirty -live miles ont to sea, 
the width of the gullied submarine valley or canon is six miles, 
and its depth 3,440 feet. At the distance of seventy miles off 
shore the general slope has fallen off to the depth of 3,000 feet, 
and below this the cailon has an additional depth of 3,000 feet 
more, thesoundlng to its bottom being 6,000 feet. Several other 
very remarkable submarine valleys are found on this western 
coast of Africa near the equator. 

Though Mr. Buchanan attributes these submerged caiions to 
the action of marine currents setting in landward under the lighter 
fresh water of the river, while the land, according to his belief, 
has held its present relation to the sea level, geologists wbo hare 
studied the submarine valleys of the eastern and western coasts 
of North America will confidently refer their origin in Africa, as 
on our own continental borders, to a formerly greater altitude of 
the land when it stood higher than now by as great an amount as 
the depths of the cafions below the ocean's surface. 

That the Congo submarine valley is not yet filled with the al- 
luvial silt of the river, which discolors the surface water to the 
distance of many miles off shore, proves that the snl>sidence of 
the l^d from its former altitude was geologically recent. These 
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-great epeirogenic movements of the plateau forming the aoutbem 
half of Africa, like the oscUlatioofi shown by sabmerged valley's 
and fjords of North America and Europe, ranging in depth to 
4,080 feet in the S<^e f]oid of Norway, took place doubtless no 
longer ago than daring the Pleistocene or Glacial period, and the 
closing stage of the preceding Tertiary era. It seeme also cer- 
tain that these earth movements had an intimate relationship with 
the origin of the great lakes of Africa and with the aocumuUu 
tion and departure of the North American and European ice- 
sheets. 

In discussion. Prof. Joseph LbContb directed attention to the 
-occnrreooe of submarine valleys on the California coast where no 
riven now enter the sea. Not only a great uplift and subsequent 
depression of the continental plateau, but also vast outflows of 
lava and the formation of mountain ranges by which river counes 
have been changed, are there referable to late Tertiary and 
-Quaternary time. 

Plrittoceiu Qmgrapki/. By W J McOxB. A series of several 
maps was displayed and described, showing the extent of ice- 
sheets in North America during the first, second, and third glacial 
-epochs which are recognized by the author, the extent of coastal 
submergence by the sea during these epochs, and the areas of 
the Pleistocene lakes Bonneville, Lahontan, and others, in the 
.arid Oreat Basin of interior drainage. The deposition of the 
locsB in the upper Missouri region was attributed to lakes and 
-broad river floods, more or less obstructed by the ice-sheets. At 
present no snfBcient data have been obtained for a correlation of 
the epochs of glaciation east of the Rocky monntaine with those 
-of the Cordilleran mountain belt and the Pacific coast. 

GCttributxo,, i,f ihf Lafayette formation. By W J McGkb. 
The gravel, sand, and loam beds formerly called the Appomattox 
formation, for which the name Lafayette is now substituted, oc- 
-cupy the coastal plain from New Jersey southward to northern 
Florida and westward through the gulf states into Mexico. An 
area' of 100,000 square miles has this formation at its surface; 
upon an equal area the Lafayette beds are thinly covered by the 
Aimilac but considerably later Columbia formation; and from still 
Another area of the same extent the Lafayette formation has been 
removed by stream erosion. Its original extent was therefore 
not less than 300,000 square miles. It is believed to have been 
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(lepositiid wtiile this low plain was covered by the sea, but the 
Appalachiaa tnonntaiD belt appears to have then stood somewhat 
al)ovc its present hight. Between the coastal submergences to 
which the Lafayette and Columbia beds are referred, this plain 
was elevated higher than now and the Chesapeake and Delaware 
bajs were formed by the erosion of the Susquehanna and Dela- 
ware rivers. If time since the recession of the latest ice-sheet 
has been 7,000 years, as is shown to be probable by the studies 
of X. H. Winchell, (iilbert, Wright, and others, the amount of 
erosion since the Columbia and Lafayette epochs indicates that 
they were respectively' some 200,000 years and 10,000,000 years 
a^o, the Lafayette being apparently Bfty times as long ago as the 
Columbia, and the latter thirty times older than the last glacial 
epoch. 

In discussion, Mr. I'ph.^m questioned whether a simpler view 
of the epeirogenic movements producing the Lafayette formation 
might not be found in ascribing these beds to deposition br flooded 
rivers <lescending from the Appalachian mountain region and 
from the Mississippi basin, as shown by Hilgartl, spreading the 
gravel, sand and loam over the coastal plain during the early 
part of a time of continental elevation. As this elevation in- 
creasetl, the rivers would attain steeper slopes and finally erode 
much of the deposits which they had previously made. During 
the culmination of the uplift, Chesapeake and Delaware bays 
were excavated, and erosion was in progress at a far more rapid 
rate than with the present low altitude of this region. The time 
ratios assigned to the Lafayette and Columbia formations in com- 
parison with the last glacial e|)ocli may therefore be greatly ex- 
aggerated, and they may belong wholly to the Pleistocene or 
Glacial period. 

PttOF. E. D. Cope doubted that the physical characters of 
the Lafayette beds could be produced by fluvial sedimenta- 
tion. 

Pres. T. C. Chasiberlin considered the question whether the 
Lafayette formation was mainly of marine or of fluvial origin 
undecided, but in New Jersey, at least, according to the studies 
of Prof. Salisbury', the latter view appears the more prob- 
able. 



ly Google 



BRITISH ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE.-ED1NBURGH MEETING. 

It hsB, I believe, beoo the rule for the msD who bu been honored by 
election to the chair of President of the Geological Section of the Brtt- 
teh Aseocl&tion to sddrees ita memlieTB upon the recent Advances made 
In that branch of geology in which he haa himself been most immedi- 
ately intereeted. It is not my intention upon the preaent occasion to de- 
part from this tlme-huaored custom; for it has both the merit of aim- 
pUclty and the advantage of utility to recommeod it. In thia way each 
branch of our acience, as it becomea in turn repreaented, not only sub- 
mits to the workers In other departments a report of its own progreas, 
but presents by implication a brond aketcb of the entire geological land- 
scape, aeen through the colored glaaaee, it may be, of divlalunal preju- 
dice, but at any rate iuatructlve and corrective to the workers in other 
departmentB, as being taken from what is to them a novel and an un- 
familiar point of view. 

Now every tyro in geology is well aware of the fact that the very 
backbone of geological science is conatituted by what is known as strati- 
graphical geology, or the atudy of the geological formatlona. These 
formations, stratlfled and tinstratlfied, build up all that part of the vis- 
ible eartb-crust which is accessible to the mveatigntor. Their outcrop- 
ping edges constitute the visible exterior of our globe, the surface of 
which forma the physical geography of the present day, and their in- 
ternal characters and inter-relation ships afford us our only clues to the 
physical geographies of bygone ages. Within them lies enshrined all 
that we may ever hope to discover of the htstorj' and the development 
of the habitable world of the past. 

These furmationa are to the stratigrapbicsl geologist what speciee are 
to the biologist, or what the heavenly bodies are to the aatronomer. It 
was the discover}' of these formations wblch first elevated geology to 
the ranli of a science. In the working out of their characters, their re- 
lationships, their development, and their origin, geology finds its means, 
its alms, and Ita justification. Whatever fresh material our science may 
yield to man's full conception of nature, organic and inirganic, must of 
necessity be grouped around these special and peculiar objects of its 
contemplation. 

When the great Werner first taught that our earth-crust was made up 
of superimposed rock-sheets or formations arranged in determinable or- 
der, the value of his couciusions from an economic point of view soon 
lei to their enthusiastic and careful study; and his crude theory of their 
Huccessive .precipitation from a universal chaotic ocean disirmed the 
suspicions ot the many until the facts themselves bad gained such a 
wide acceptance that denial was no longer possible. But when -the 
greater Huttou asserted that each of these rock formations was in reality 
notblng more nor less than the recemented ruins of an earlier world, the 
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prejudlce* of Duokind at Urge were loosed at m Blngle stroke. Like 
Galileo'B ftMertion of the movement of the globe, this demtmded such a 
simple and appareDtly undlgDlOed mode of creation that there la no 
wonder thit, even dowa to the prcient da;, there atlll exiat some to 
whom this ia a hard aaylag, to be taken, If taken at all. In homteopathic 
doeee and with undlsgnleed reluctance. 

Kutton, as regards his phlloaopby, was. as we know, far in advance of 
his time. With all the boldnMB of convlctloo he uafllncbingly followed 
out these Ideas to their legitimate results. He claimed that as the 
stratified formatloDB were compoMd of similar materials — sands, clays, 
iimestonea, and muds— to thoas now being laid down In the aeas around 
out preaent coasts they must, like them, have been the producta of or- 
dinary natural agenclea — of tkId, rivers and sea waters. Internal beat and 
external cold— acting precisely aa tbey act now. And further as these 
formadons He one below the other, in apparently endless downward 
succession, and are all formed more or less of these fragmentary mate- 
rials, BO the present order of natural phenomena must have existed for 
untold ages. Indeed, to the commencement of this order he frankly ad- 
mits, "I see no trace ot a beginning or algn of »n end." 

The history of the slow acceptance of Hultou's doctrines, even among 
geologists, 1b, of course, perfectly familiar to us *11. William tjmlth re- 
duced the disputed formations to order, and showed that not only was- 
each composed of the ruins of a vanished land, hut that each contained 
in its fossils the proof that It was deposited In a vanlahed sea inhabited 
by special life creHtion. CuTler folloired, and placed It beyond ques- 
tion that the fossilized relics of these departed beings were such as 
made It absolutely unquestionable that these creatures might well have 
inhabited the earth at the preaent day. Lyell completed the cycle by 
demonstrating stage by stage the efTlclpncy of present natural agencies 
to do all the work required for the degradation and rebuilding of the 
formations. Since his day the students of stratlgraphical geology have 
universally acknowledged that in the study of present geographical 
causes lies the key to the geological formations and the inorganic world 
of the past. 

In this way the road was paved for Darwin and the doctrine of de- 
scent. The aid which bad been so ungnidglngly afforded by biology to 
geology was repaid by one of the noblest presents ever made by one 
aclouce toanotber. For the purposes of geology, the science of biology had 
practically completed a double demonstration : first, that the extinct life 
discernible In the geological formations was linked Inseparably with the 
organic llTe of the present; and, second, that every fossil recognized by 
the geologlstwas the relic of acreature that might well have existed upon 
the surfoceof the earth at the present time. Geology repaid Itsobligation 
to biology by the still greater two-fold demonatration: Brst, that In the 
economy of nature the most insigniGcanC causes are competent to the 
grandest eifects, if only a BiifHclency of time- be granted them; and, sec- 
ond, that In the geological formations we have the evidences of the ac- 
tual e.tistence of those mighty eons In which such work might l>e done. 
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The doctrine ol orginic evolntlon would alwrnyg b»vft reuudned & 
metaphf ilc&l dreun liid geology not giTen the tims la which the evolu- 
tioD could t« occompllBbed. The ability of present c&uses to bring- 
about slow and cumulatlre changes in the epeciet la, to all Intents and 
purpoaes, a biological application of Hutton's Ideaa with reapectto the 
origin of the geological formationB. Darwin was a biological evolution- 
ist, becanae he was first a UBlformitariaa geologlaL Biologjr is pre- 
eminent to-daf among tb« natural sciences, because its younger slater. 
Geology, gare It the means. 

But the Inevitable consequence of the worh of Darwfn and his col- 
leagues was that the centre of gravity, so to apeak, of popular regard and 
public controversy was suddenly shifted from atratlgrsphlcal geology to 
biology. Since that day strati graphical geology, to Its grrat comfort and 
advantage, has gone quietly on Its way unchallenged, and all Its more 
recent results have, at least by the majority of the wonder-loving public^ 
been practically Ignored. 

Indeed, to the outside observer It would seem as If stratlgrapblcal ge- 
ology for the last thirty years had been practically at a standetlU. The 
Btartliag discoveries and speculations of the brilliant strntigraphlMs of 
the end of the last century and first half of the present forced the ge- 
ology of their day Into the very front rank of the natural sciences, and 
made it perhaps the most conspicuous of them all In the eyes of the- 
world at large. Since that time, however, their suocessore have been 
mainly occupied In completing the work of the great pioneerg. The 
atratlgraphlcat geologists themselves have been almost wholly occupied 
In laying dewn upon our maps the superflclsl outlines of the great 
formations, and working out their Inter-relations hips and subdivisions. 
At the present day the young stratigraphicsl student eonn learns thatall 
the limits of our great formations have been laid down with accuracy 
and cleamesB, and finds but little to add to the accepted nomenctature 
of the time. 

Our paleontologists also have equally busied themselves In working 
out the rich store of the organic remains of the geological formations, 
and the youthful Investigator soon diicovers that almost every foaell he 
Is able to detect In the field has already been named, figured, and de- 
scribed, and its place in the geological record more or less accurately 
Oxed. 

In France, in Germany, In Norway, Sweden, and elsewhere, In Canada 
and In the United States, work as thorough and as satisfactory has been 
accomplished, and the local development of the great stratified forma- 
tions and their fossils laid down with detail and clearness. 

Many an unfledged, but aspiring geologist, alive to these facts, and 
contrasting the well-mapped ground of the present time with the virgin 
lands of the days of the great pioneers, finds it hard to sitfie a feeling of 
keen regret that there are nowadays no new geological worlds to con- 
quer, no new systems to discover and name, and no strange and unex- 
pected faunas to unearth and bring forth to the astonished light of day. 
The youth of strati graph leal geology, with all its wonder and freshness,. 
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Beams to have departed, &tid «I1 that remains ia to accept, to commemor- 
ate, KDd to round oft the glorious victories of the dead heroes of our 
science. 

But to the patient strati graphical veteran, who has kept bis eyes open 
to discoveries new and old, this lull In the war of geological controversy 
presents itself rather as a srateful breathing time; the more grateful as 
he sees looming rapidly up in front the vague outlines of those oncoming 
problems which Itwill be the duty and the joy of the rising race of young 
geologists to grapple with and to conquer, as their fathers met and 
quished the problems of the past. He Icuows perfectly well that Geol- 
ogj' is yet in her merest youth, and that to justify eveu her verj' exist 
ence there can be no rest uulllthe whole earth-crust and all its phenom 
ena, past, present, and to come, have been subjected to the dom&li 
human thought and comprehensiOD. There cau be no more flnality In 
Geology tban in any other science; the discovery of to-day Is merely the 
step ping- stone to the discovery of to-morrow; the liviug theory of to- 
morrow is nourished by the relics of its parent theory of to-day. 

Now if we ask what are these formations which constitute the objects 
of study of ttie strati graphical geologist, I am afraid that, as in the case 
of the species of the biologist, no two authorities would agree in framing 
precisely tlie same deflnitiou. The original use of the term formalion 
was of necessity iithological, and even now the name Is most naturally 
applied to any great sheet of rock which forms a component member of 
the earth-crust; whether the term be used specifically fur a thin homo- 
geneous sheet of rock like the Stones&eld slate, ranging over afewsquftre 
miles; or generically, for a compound sheet of rock, like the Old Red 
5eDdstone,many thousands of fest in thickness, but whose collective Iith- 
ological characteristics give it an individuality recognizable over the 
breadth of an entire continent. 

When Werner originally discovered that the "formations" of Saxony 
followed each other in a certain recognizable order, a second character- 
istic of a formation became superposed upon the original Iithological 
conception — namely, that of determinate "relative position." And 
when William Smith proved that each of the formttlons of the English 
Midlands was distinguished by an assembtage of organic remains pecul' 
lar to itssif, there became added yet a third criterion— that of the posses- 
sion of "characteristic fossils." 

Butthes4 later superposed conceptions of time- success! on and life-type 
are far better expressed by dividing the geological formations into zoo- 
logical zonet, on the one hand, and grouping them together, on the other 
hand. Into chronological »y%Unit. For in the experience of every geolo- 
gist he llnds his mind instinctively harlilng back to the bare Iithological 
application of the word "formation," and I do not see that any real ad- 
vantage is gained by departing from the primitive use of the term. 

A 2onf, which may be regarded as the unit of pnlirontoiogieai tucctttion, 
is marked by the presence of a special fossil. And may include one or 
many subordinate formations. A tytteni, which is, broadly speaking, the 
unit of geological »u(«Mion, Includes many "zones," and often, but'not aX- 
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■ways, many "foTmatioiu." A formation, which ia the unit of geological 
ttratigraphii, is a rock sbriet composed of mauy Btr&ta poeBeBBitig com- 
mOD Uthologlcal characters. The formation may be simple, like the 
Chalk, or compound, like the New Red sandst ■ne; but, simple oi com- 
pound, local or regional, it must be always recognizable, geographically 
and geologically, as a lithological Individual. 

As regards the oatunl grouping of these lithological ludivlduals as 
such, fall progress has been made of late years, and our Information is 
growing apace. We know that there are at any rate three main groups: 
Ist, the Btratifled formations due to the action of moving water above 
the earth-cruBt; 9d, the igneous formations which are derived from be- 
low the earth-crust; 8d, the metamorphic formations which have un- 
dergone change within the earthcrust itself. We know also that of 
these three tbe only group which has hitherto proved itself available for 
the purpose of reading tbe past history o( the globe is that of tbe strati- 
fled formations. 

Studying these stratifled formations therefore In greater detail, we 
And tbat ihey fall naturally in their turn Into two sets— vU., a mechanical 
set of pebble beds, sandstones and clsys formed of rock fragments 
washed off tbe land Into the waters, and an organic set of limestones, 
chalk, Ac, formed of the shells and einTia: of marine organisms. 

But when we attempt a further division of these two sets, ourcUsslfl- 
catlon soon begins to lose Its deQnlteness. We infer that some forma- 
tions, such as the Old Red and the Trlasslc, were the comparatively 
rapid deposits of lakes and Inland seas; that others, like tbe Coal Meas- 
ures, London clay, &c., were tbe less rapid deposits of lagoons, river 
valleys, deltas, and tbe like; tbat others, like our finely laminated stiaies 
and clays of tbe Silurian and Jurassic, were the slower deposits of tbe 
broader seas; and Anally, that others, like our Chalk and Greensand, 
were possibly the extremely Blow deposits of the more oceanic deeps. 
. Nevertheless, after looking at the formations collectively, there re- 
mains no doubt whatever ia the mind of the geologist that their me- 
chanical members are the results of tbe ai(ueous degradation of vanished 
lands, and that tbelr organic members are the accumulated relics of the 
stony secretions of what once were living beings. Neither Is there any 
possibility of escape from the conclusion that they have all been depos- 
ited by water In tbe superficial hollows of the sea-bottoms and ocean 
floors of the earth^crust of their time. 

In tbe llfeof every Individual stratified formation of the mechanical type 
we can always distinguish three stages: first, the stage of erosion and 
transportation, in which the rock fragments were worn off the rocks of 
the higher ground and washed down bj rain and rivers to the Bea; sec- 
ond, a stage of deposition and consolidation below the surface of the 
r|uiet waters; and third, a final stsge in which Uie completed rock for- 
mation was bent and upheaved, in part at least, into solid land. In the 
formations of tbe organic type three corresponding stages are equally 
discernible: first, the pertod of mineral secretion by organized beings; 
second, the period of deposition and consolidation; and third, the final 
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period of local elevation In msBs. But one and all, mechanical and or- 
ganic alike, they bear In their compoaltlon, Id their arrangement, and In 
their foealls, abundant and Irresistible evidences that thej wtre the pro- 
ducts, and that now thej are the memorials of the phydcftl geography of 
their time. 

Guided bj the principles of Hutton and Lyell, geologists have worked 
out with great care and completeness the effects of those agencies which 
rule in the first ot these three life-stages In the history of a mechanical 
formation. No present geological processes are better known to the 
young geologist than those ol denudation, erosion, and transportation, so 
familiar to us in the eloquent works of our president. They form to- 
gether the subject matter of that most wonderfully fascinating chapter 
la geology, which, from Its modest opening among the quiet Norfolk 
sandhills, sweeps upwards and onwards without a break to Its magnificent 
close on the brink of the gorge of the Colorado. But our knowledge 
of the detailed processes of deposition and consolidation which rule in 
the second stage Is still exceedingly imperfect, although a flood of light 
has been thrown upon the subject by the brilliant results of the ChalUn- 
iffr expedition. And we are compelled to admit that our knowledge of 
the operations of those agencies which rule in the processes of upheaval 
and deprdBsion is as yet almost nil; and what little we have already 
leirnt of the effects of those agencies Is the prey of hosts of conflicting 
theories that merely serve to annoy and bewilder the working student 
of the science. 

But not one of the formative triad of detrition, deposition, and eleva- 
tion can exist without the others. No detrition is p wsible without th« 
previous upheaval of th? rock-sheet from which material can be re- 
moved; no deposition Is possible without the previous depression of the 
rock-sheet which forms the basin in which the fragmentary material 
can be laid down. 

Our knowledge, therefore, of the ori^n and meaning of any geologi- 
cal formation whatever, can at moat be only fragmentary until this third 
chapter In the life-history of the geological formation hu been attacked 
In earnest 

Now all the rich store of knowledge that we possess respecting the 
first stage in the life of a geological formation has been derived from a 
comparison of certain phenomena which the etratlgiaphlcal geologist 
finds in the rock formations of the past, with correspondent phenomena 
which the physical geographer discovers on the surface of the earth of 
the present. And all that we know of the second stage again has been 
obtained in precisely the same way. Surely analogy and common sense 
both teach us that all which is likely to be of permanent value to us as 
regards the final stage of elevation and depression must first be sought 
for In the same direction. 

Within the last twenty years or so many interesting and vital discov- 
eries have been made in the stratigraphy of the rock formations, which 
bear largely upon this obscure chapter of elevation and depression. And 
I propose on this occasion that we try to summarize a few of these new 
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facte, and then, reading them to cohJudcUod with what we actually 
know of the phf alcal gAographj of the preseDt day, try to aBcertaiii bow 
such mutual a^eement as we can discover may serve to tdd the strati- 
graphical geologist In Ms Interpretatioa of the true meauingotth« geolog- 
inal formatiooa themselves. We may not hope for many years to come 
to read the whole of this geological chapter, but we may perhaps mod- 
estly esaay an lotetpretation of one or two of the opening paragraphB. 

In the physical geography of the present day we And the exterior of 
our terraqueous globe divided between the two elements land and wat«r. 
We know that the solid geological formations exist everywhere beneath 
the visible surface of the lands, but of their existence under the present 
ocean floor we have as yet no absolute certainty. We know both the 
form of the surface and the composition of the outer layers of the conti- 
nental parts of the liChoaphere; we only know as yet even in outline the 
form of the surface of Its oceanic portions. The surface of each of our 
great continental masses of land resembles that of a long and broad 
arch-like form, of which we see the simplest type In the New World. ' 
The surface of the North American arch Is sagged downwards in the 
middle Into a, centrdl depression which Ilea between two long marginal 
plateaux, and these plateaux are finally crowned by the wrinkled crests 
which form its modern mountain systems. The surface of each of our 
ocean floors exactly resembles that of a continent turned upside down. 
Taking the Atlantic as our simplest type, we may say that the surface of 
an ocean basin resembles that of a mighty trough or syncllne.buckled up 
more or less centrally Into a medial ridge, which Is bounded by two long 
and deep marginal hollows. In the cores of whtcb sUll deeper grooves 
sink to the profoundest depths. This complementary relationship de- 
scends even to the minor features of the two. Where the great conti- 
nental sag sinks below the ocean level, we have our gulfs and our Med- 
iterraneans, seen In our type continent as the Mexican gulf and Hndson 
bay. Where the central oceanic buckle attains the water line, we have 
our oceanic Islands, seen In our type ocean as Bt. Helena and the Azores. 
Although these apparent cruat-waves are neither equal In size nor sym- 
metrical In form, this complementary relationship between them Is al- 
ways discernible. The broad Pacific depression seems to answer to the 
broad elevation of the Old World — the narrow trough of the Atlantic to 
the narrow continent of America, 

Every prlniary wave of the earth's surface Is broken up into minor 
waves,ln each of which the ridge and Its complementary trough are always 
recognizable. Thecompound ridge of the Alps answers to the compound 
Mediterranean trough; the continuous western mountain chains of the 
Americas to the continuous hollow of the eastern I'acific which bounds 
them; the sweep of the ciest of the Himalaya to the curve of the Indo- 
Oangetic depression. Even where the surface waves of the lltbosphere 
lie more or less burled beneath the waters of the ocean and the seas, the 
same rule always obtains. The Island chains of the Antilles answer to 
the several Caribbean abysses, those of the .£gean archipelago answer 
to the Levantine deeps. 
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Draw 1 section of the Burface of tbe llthoapbere along a great circle in 
any directioa, the rule remalDs alwayithe same;cren aod trough, li I ght 
aad hollow, succeed each other ia eadless eequence, of eveiy gradation 
of size, oF every degree of complexitf. Bometimes the ridges are conti- 
oeottl, like thOJe of thit AmericBB; aometimes orographic, like those of 
the Himalaya; aometinies they are \<x»\, like those of tbe BaglUh Weald. 
But BO long ae we do not descend to minor details we find that every line 
drawn across the earth's surface at the present day rises and falls like 
the imaginary line drawn across the surface of the waves of the ocean. 
No rise of ttiat line occurs without its complementary depression; the 
two always go together, and must, of necessity, b« considered together. 
E!ach pair conatitutes one of those geographical unitt of farm of which 
every coattnuous direct line carried over the surtV;e of the Uthosphere 
of OUT globe Is made up. This unit Is always mode up of an arch-like 
rise and a treugh-llke depression, which shade into each other along a 
middle line of contrary curvature. It resembles the letter 8 or Ho- 
'garth'sline of beauty, and Is clearly similar in form to the typical wave 
of the physicist. Here, then, we reach a very simple and natural con- 
clusion, viz.: the surface of the earth-crust of the present day resembles 
that of a series of crust-waves of different lengths and different ampli- 
tudes, more or less irregular and complex, It is true, but everyiibere 
alternately rising and falling In symmetrical halves like tbe waves of 
the sea. 

Now this rolling wave-like earth-surface Is formed of the outcropping 
edges of the rock formations which are the speciftl objects of study of 
the Btratigraphical geologist. If, therefore, the physiognomy of the face 
of our globe Is any real Index of the character of the personality of the 
earth-crust beneath it, these collective geographical features should be 
precisely those which answer to tbe collective structural characters of 
tbe geological formations. 

In the earlier days of geology one of the first points recognised by 
our strati graph I sts was tbe fact that tbe formations were successive 
Ilthological sheets, whose truncated outcropping edges formed tbe pres- 
ent surface of tbe land, and that these sheets lay Inclined at an angle 
one over tbe other, or as William Smith quaintly expressed It, like a 
tilted "pile of slices of bread and butter." But as discovery progressed 
the explanation of this arrangement soon became evident. The forma' 
tlons revealed themselves as a series of what had originally been de- 
posited as horizontal sheets, lying in regular order one over tbe other, 
but which bad been subsequently bent up into alternating archea and 
troughs (i. 0. tbe Boticlines and synclincs of the geologist). Their vis- 
ible parts, which now constitute tbe surface of our habitable lands, were 
simply those parts of tbe formations which are cut by the irregular 
plane of the present earth's surface. All those parts of the great arches 
and troughs formerly occurring above that plane have been removed by 
denudation; all those parta below that plane lie buried still, oat of sight 
within the solid earth-crust. 

Although In every geological section of sufficient extent It was seen 
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tbat th« uiticllDe or uch never occurred without the ijrncllne or trough 
— in other words, tbmt there was never a rise without a corresponding 
foil of the stmtnm — yet It is only of late years that the stiatigraphlcal 
geolo^st haa come clearly to rwognUe the fact that the anticline and 
•jncliae must b« considered together, and must be united as a single 
crnet-wave. For the arch Is never present without Its complementaty 
trough, and the two together conttitute the tectonic, ilruetitral, or oto- 
graphie unit, namely, The Fold, the study of which, so brilliantly in- 
augurated by Helm In bis "Mechanlsmus der Geblrgsbildung," Is des- 
tioed. I believe, In time, to give us the clue to the laws which rule in 
the local elevation and depression of the earth-crust, and furnish us with 
the means of discovery of the occult causes which lie at the sourc* of 
those superficial Irregularities which give to the face of our globe Its 
variety, its beauty, and its habitabllity. 

We have said already that this wave or fold of the geologist resembles 
that of the wave of the physicist. Now we may regard such a wave as 
formed of two parts, the arch-like part above and the trough-like part 
below. The length of the wave Is n&turally the length of the azlal line 
Joining the outer extremitiet of the arch and trough, and passing 
through the centre, node, or point of origin of the wave Itself, which bi- 
sects the line of contrary curvature. The amplitude of the wave Is the 
bight of the arch added to the depth of the trough. The arch part of 
Bucb a wave. If perfectly symmetrical, may clearly be regarded as be- 
loDgfag either to a wave traveling to the right, In which case the com- 
plementary trough is the one In that direction, or it may be regarded as 
belonging to a wave traveling to the left, in which case Its trough must 
be the one in that direction. But as in the case of the shore wave, the 
advancing slope of the wave is always the steeper, and the real centre of 
the wave must lie half-way dowDthlB Steeper slope; so there Is no dlffl- 
colty In recogniKing the centre of a geological fold and filing the real 
direction of movement. 

The fold of the geologist diflera from the ordinary .wave of the physi- 
cist essentially in the fact that even in its most elementary conception, 
as that of a plate bent by a pressure applied from opposite aides, it nec- 
essarily includes the element of thickness. And this being the case, 
the rock sheet which Is being folded and curved has different layers of 
Its tbiciineas affected differently. In the arch of the fold the upper 
layers of the rock sheet are extended, while its lower layers are com- 
pressed. On the contrary In the trough of the fold the upper layers are 
compressed and the lower layers are extended. But in arch and trough 
alike there exists a central layer, which, iMyond taking up the common 
wave-like form, remains practically unaffected. 

But the geological fold has In addition to length and thickness, the 
further element of breadth, and this fact greatly complicates the phe- 



Hany of the movements which take place in a rock sheet which is 
being folded, or lu other words those produced by the bending of a 
compound sheet composed of many leaves, can be fairly well studied In 
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ft very elmple experiment Take an ordloary large note-book, say an 
Inch in thickness, with flexible covers. Bule carefully a st-ri^a nt paral- 
lel lineB across the edges of the leaves at the top of the brxik. Bb''<ut 
% of an Inch apart, and exactly at right aDgles to the plane of 
the cover. Then, holding the front edges loosely, press the book 
slowly from back and front into an S-lIke form until It can be pressed 
no further. As the wave grows, It will be noticed that the cross lines 
' which have been drawn on the upper edge of the book remain fairly 
' parallel throughout the whole of the folding process, except in the cen- 
tral third of the book, where they arrange themselves into a beautiful 
sheath-like form, showing how much the leaves of the book have 
sheared or slidden over each other In this central portion. It will also 
be seen when the S ie complete that the book has been forced into a 
third of its former breadth. It is clear that the wave which the book 
now forms must be regarded as made up of three sections, viz.: a aec- 
, tlon forming the outside of the trough on the one side, and a section 
forming the outside of thearch on the other.and a central or common sec- 
tion, which may be regarded either as uniting or dividing the other two. 
As this experiment gives us a fair re presentation of what takes place 
in a geological fold, we see at a glance that the geologist is forced to di- 
vide bis fold into three parts— an arch limb, a trough limb, and a mid- 
dle limb— which last we may call the eopuln or the upturn, according as 
we regard It as connecting or dividing the other two. Our note-book 
experiment shows us also that in the trough limb and the arch limb the 
leaves or layers undergo scarcely any change of position beyond taking 
on the growing curvature of the wave. But the layers in the central 
part, or upturn, undergo sliding and shearing. It will he found also, by 
gripping the unlKiund parts of the book flrmiy and practicing the fold- 
ing in different ways, that this septum Is also a region of warping snd 
twisting. This simple experiment (hould be practiced again and again 
until all these points are apparent, and the various stages of be folding 
process become clbar; the surface of the book being forced first into a 
gentle arch-like rise with a correspoodiog trough-like fall; then stige 
by stage the arch should be pushed over onto the trough Hntll Ihe. sur- 
faces of the two are in contact and the book can be folded no further. 

In the structure of our modern mountain ranges we discover the most 
beautiful illustrations of the bending and folding of the rocky forma- 
tions of the earth-crust. The early resulla of Rogers among the Aile- 
ghantee, of Lory and Favre in the western Alps, have been greatly ex- 
tended of late years by the discoveries of Helm and Baltzer in the cen- 
tral Alps, of Bertrand in Provence, of ilargerie In Langiiedoc, of Dutton 
and his colleagues In the western ranges of America, and of Peach and 
Home and others In the older rocks of Britain. The light these re- 
searches throw upon the phenomena of mountain structure will be 
found admirably summarized and discussed in the works of Leconte, of 
Dana, of Daubree, of Beade, o( Heim, and Anally In the magnificent 
work of Suess, the "Antlilz der Erde," of which only the first two vol- 
umes have yet appeared. 
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Looking first at the mountaio fold in its slmpl^at form as th>t of a 
beat rock-plate, compoaed of maoj l&jera which bavb been forced into 
two similar arc-like forms, the coDvezitles of which are turned, the one 
upwards and the other downwards, we find in the present mountain 
ranges of the globe every kind represented. We commence with one in 
which the arch Is represented merely by a gentle swell of the rock-sheet, 
and the trough by an answering Bhallow depression, the two shading into 
each other in an area of contrary Dexure. From ihis type we pass in- 
sensibly to others in which we see that the sides of the common limb or 
septum are practically perpendicular. From these we pass to folds in 
which Uie twisted common limb or septum overhangs the vertical, and 
80 on to that final extreme, where the arch limb has been pushed com- 
pletely over on to the trough limb, and all three members, as In our note- 
book eiperlmen', are practically welded into one conformable solid 



Although the movements of these mounl^a folds are slow and insen- 
8ibl»,and only effected in the course of age8,Ba that little or no evidence 
of the actusi movement f'f any single one of them has been detected 
since they were first studied, yet it is perfectly plain that when we re- 
gard them collectively, we have here crust folds In every stage of their 
existence. Each example In itself repiesents someone single stage in 
the lifetime of a single fold. They are simply crust folds of different 
ages. Some are, as it were, just born', others are in their earliest youth. 
Some have attained their majority, some are in the prime of life, and 
some are In the decrepit stages of old age. Finally, those in which all 
three members — arch limb, tn>ugh limb, and septum— are crushed to- 
gether into a conformable mass, are dead. Their life of individual 
movement Is over. If the earth pressure Increases, the material which 
they have packed .together may of course form a passive part of a later 
told, but tUey themselves can move no more. 

In many cases, due partly to the action of longitudinal pressures, 
tho septum becomes reduced to a <glane of contrary motion, namely — the 
over-fault, or thrust-plane, and the arch limb and the trough limb al^de 
paat each other as two solid masses. But here we have no longer a fold, 
but a fault. 

We see that every mountain fold commences first as a gentle alter- 
nate elevation and depressioo of cne or mure of the component sheets of 
the geological formations which mnke up the earth-crust. This move- 
ment is due apparently to the tangential thrusts set up by the creeping 
together, as it were, of those neighboring and more resistant parts 
of the earth-crust which He in front of and behind the moving wave. 
Yielding slowly to these lateral thrusts Ihe crest of ihe fold rises higher 
and higher, the trough sinks lower and lower, the central common limb 
or septum grows more and more vertical and becomes more and more 
strsined, sheared and twisted. As this middle limb yields, the rising 
arch part of the fold is forced gradually over on to the sinking trough, 
until at last all three mtmbere come into coarormable contact and fur- 
ther folding as such Is impossible. Movement ceases, the fold is dead. 
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We see ftUo from our note-book experiment tbM the Saal result of tbe 
completioQ of the fold Is clearly to strengthoD up and consolidate tbit 
rart of tbe crust pUte to tbe local weakneBB ot which tt actually owed 
Its origin and position. The fold has bj its llfe-actloa tbeoretlcallf 
trebled tbe tblckuess of that pait of th« eartb-plate In which Ita dead re- 
mains now lie. If tbe lateral pressure goes on Increasinft and the layers 
of tbe earth-crust agtdn begin to fold In tbe same region, tbe Inert re- 
mains of tbe first fold can only move as a passive part of a newer fold: 
either as a part of tbe new arch-Ilmb, the new trougb-llmb, or tbe new 
■eptum. As eacb younger and younger told formed In this m»y neces- 
sarily Includes a more resls'ant, and tbert fore a thicker, broader, and 
deeper sheet of tbe eattb-crust, we have here tbe phyiogenetic evolution 
of a whole family of crust folds, eacb successive member of wblcb Is of 
a higher grade Iban Its immediate predecessor. 

Bat It very rarely happens that tbe continuous plate Id which any 
fold is imbedded Is able to resist the crust creep until tbe death of the 
first fold. Usually, long before tbe first simple fold Is completed, a new 
and parallel one riEes In front of It on the side of tbe trough limb, and 
tbe two grow, as it were, heDceforward side by side. But tbe younger 
fold, being due to a greater pressure than the older, must of necessity be 
of a higher specific grade, and tbb two together form a generic fold In 



Our present mountain systems are all constituted of several hndlles 
of folds, all formed in this way, of different gradations of size, of differ- 
ent datee of origin, and of different stages of life evolntlon; and In each 
family group tbe members are related to each other by this natural gen- 
etic afSnlty. 

Sometimes tbe new folds are formed in successive order oa one side 
of tbe first fold, and then we have our unilateral (or so-called unsym- 
metrical) mountain groups, like those of the Jura and tbe Bavarian Alps. 
Sometimes they are formed on both sides of tbe original fold, and then 
we have our bilateral (or so-called symmetrical) ranges, like tbe Central 
Alps. In both cases tbe septa of tbe aged or dead folds are of necessity 
all directed inwards towards the primary fold. If, therefore, they orig- 
inate only on one side of tbe fold, our mountain group looks uneym- 
metrical, with a very steep side opposed to a gently sloping side. If 
they grow on both sides of the original fold, we have ihe well-known 
"fan structure" of mountain ranges. In this case the whole complex 
range is seen at a glance to be a vast compound arch of the upper layers 
of tbe eartb-cruBt, Keyed up by the material of tbe dead or dying folds, 
■ wblcb by tbe necesellles of tbe case constitute mighty wedges whose 
apices are directed inwards towards the centre of the system. But a 
complete arch of this kind is In reality not a single fold, but a double 
one, with a septum on both sides of it; and it requires two troughs, one 
on eacb side of It, as its natural complement. The so-called unsym- 
metrical ranges, therefore, which are constituted merely of arch llmbi 
trough limb, and septum, are locally tbe more natural and the more 
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It ts cleitr that In the llfetlme of any sioglo fold lu period of gre&leit 
energy sod most i&pid movement muat be tbat of middle life. la earif 
youth the latenl pKasara le applied at a vety imalt anjcle, and the taa- 
gential forcea act thorefore under the moat dlBadvantageoiu clrcum- 
(rUDcee. In the middle life of the fold the arch limb and the trough 
limb stand at ilgbt angles to the ceptum, and the work of deformallon Is 
then accompllahed under the mo«t favorable mecbaotcal condltioni and 
with the greatest impldity. Tbtt iB to say, tbe activity of the fold and 
the rate of movement of the septum, like tbe speed of the storm wind, 
vary directly as the gradient. 

In our nne-book experiment weobMrved that little or DO change took 
-place In tbe arch limb and bough limb, while the septum became re- 
markably sheared and twisted. Tbe aame is tbe case In nature, but here 
-we have to recollect that these moving mountain folds are of enormous 
size. Indeed actual mountains In themselves. These great arches, scores 
of miles In length, thousands of feet In hlgbt and thickness, mnit of 
necessity be of enormous weight, capable of crushing to powder the 
bardeit rocks over which they move, while the thrust which drives them 
forward Is practically Irresistible. It Is plain, therefore, that while tbe 
great arch limb and the trough limb of one of these mighty folds move 
over and under each other from opposite directions, they form together 
an enormous machine, composed of two migfa^ rollers, or millstones, 
which mangle, roll, tear, squeeze, and twist the rorky materia) of the 
middle limb or septum, which lies Jammed In between them. Into a 
laminated mass. This deformed material, which Is tbe characteristic 
product of the mountain-making forces. Is, of course, made up of the 
stuff of the original middle limb of the fold ; and whether we call It 
breccia, mylonlte, phylllte, or schist, although it may be composed of 
sedimentary stu0, it Is certainly no longer a ttrntified rock ; and though 
it may have been originally purely Igneous material. It Is certainly no 
longer volearUe. It is now a manufactured article, made In tbe great 
earth mllL 

These mountain folds, however, are merely the types of folds and 
wrinkles of all dimensions which aflect the rock formations of the earth- 
crust Within the mountain chains themselves we can follow them fold 
within fold, first down to formations, then to strata, then to Inmlnit, till 
they disappear at last in microscopic minuteness beyond the limits of 
ordinary vision. Leaving these, however, for tbe moment, let us travel 
rather In tbe opposite direction, for these mountain folds are by no 
means the largest known to Uie stratlgraphical geologist. Look at any 
geological section crossing the contlueot of North America, and It will 
be found that tbe whole of th« Rocky Mountain range on its western 
side and the Alleghany range ontbe east are really twomighty compound 
geological anticlines, while the broad sag of the HlssisstppI basin Is actu- 
ally a compound geological syncline made up of the whole pile of tbe 
geological formations. That is to ssy, the continent of North America is 
composed of a pair of geolo^cal folds, tbe two arches of which are repre- 
sented bythe ttockies on the one side and the Alleghanies on tbe other. 
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while tti« InKrmediftte HIsdulppI eyocllDe is the common propertj of 
both. Here, then, we reach a much higher grade of fold than the oro- 
graphic or mouDttln-making fold, viz., the plateau-mahing fold or the 
eemi-cODtl Dental fold, which, because of its enormoue breadth, must 
include a very much thicker portion of the earth-crust than the ordiaary 
orographic fold itself. 

But where must be the real middle limbs of these two American folds 
— thoee septal areas where most work is being done and the motion is 
greatest f 

Taught by what we have already learned of the mountain wave the 
answer U Immediate and certain. They must t)e on the steeper sides of 
each of the two folds, namely, those which face the ocean. How per- 
fectly this agrees with the geological facts goes without saying. It is on 
the Bleep Pacific side of the western fold that the cruehtog and crump* 
ling of its rocks are the greatest. It is on the Atlantic side of the eastern 
fold that the cnntortion and the metamorphlsm of its rocka are at their 
maximum, while in the common and gently sloping trough of both folds, 
namely, the intermediate Hisslssippi valley, the entire geological 
aetjuence remains practically unmodl6ed throngbouf. 

Again, which of these two American folds should bethemoreactiveat 
the present day? Taught by our study of the mountain wave the answer 
again is immediate and conclusive. It must be that fold whose septum 
has the steeper gradient. Geology and geography Bash at once Into 
combination. The steeper Pacltic septum of the western fold from Cape 
Horn almost to Alaska is ablaze with volcanoes, or creeping with earth- 
qoakes, while the gently Inclined Atlantic septum of the eastern fold 
from Greenland to Magellan straits shows none,eicept ontheouteredge 
of the Antilles, in the very region where Ihe slope of the surface Is the 
steepest. We see ataglance that the vigorofthesetwogreat continental 
folds, like those of our mountain waves, varies directly as the surface 
gradient or the septum. 

Bat the geographical surface of North America, considered as a whole, 
Is In reality that of a double arch, with a sag or common trough in the 
middle. We have seen already that this double arch must be regarded 
as the natural complement of the equally double Atlantic trough. Here, 
then, if the path of analogy we have hitherto so triumphantly followed 
up to this point is still to guide us, the basin of the Atlantic must be, not 
only in appeiiance, but in actuality, formed of two long minor folds of 
the same grade as the two that form the framework of America, but >vith 
their members arranged in reverse onler. If so, their submarine septa 
ought also to bf lines of movement and of volcanic action. And this is 
again the case. The volcanic islands of the Azores and St. Helena lie 
not exactly on the longitudinal creets of the mld-oceanicClatlMfftT ridge, 
but upon its bounding tlanks. 

But we have not yet, however, finished with our simple fold. If "■e 
draw a line completely round the globe, crossing the Atlantic basin at 
its shallowest, between cape Verde and cape St. Koque, and. continue it 
in the direction of Japan, where the Pacific is at its deepest, as the trace 
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of a great circle, we fiDd that we have before ua a crnst fold of the very 
gniDdest order. We have one mtghtj' continental arch stretching from 
Japan to Chile, brokea aubmedlally bftbe aag of the Atlantic trough; 
and this great terrestrial arch stands directly opposed to its natural com- 
plement, the great trough of the Pacific, wbich Is bent up in the middle 
by the mightiest of all the submarine biicktea of the eanb-cruBt, on 
irhlch stand the oceanic ialands of the central Paciflc. 

But If thli be true, then the septum of all septa on our present earth- 
crust must cross our grandest earth fold where ibe very steepest gradi- 
ent occurs along this line, and It must constitute the centre-point of the 
moving earth fold, and of greatest present volcanic activity. And where 
is this most sudden of all depressiooB? Taught once more by our geo- 
logical fold, the answer is instantaneous and incontrovertible. It la on 
the shores of Japan, the region of the mightiest and most active of all 
the living and moving volcanic localities on the face of our globe. 

But the course of the line which we Indicated as farming our grandest 
terrestrial fold returns upon itself. It Is an endless fold, an endlesi 
band, the common possession of two sciences. It is geological In origin, 
geographical in effect. It is the vitdding-ring of geology and geography, 
uniting them at once and for ever !n indissotuble anion. 

Such an endless fold, agiun, must have an endless septum, which, in 
the nature of things, must txoia It twice. Need I point out to the merest 
tyro In these wedded sciences that if we unite the Old and New Worlds 
and Australia, with their intermediate sags of Ibe Antarctic and Indian 
oceans, as one imperial earth arch, and regard the unbroken witery ex- 
panse of the Pacillc as Its complementary depression, then the circular 
coastal band of contrary surface flexure between them should constitute 
the moving master septnm of the earth crust. This is the "Volcanic 
girdle of the Pacific," our "Terrestrisl Ring of Fire." 

Or, Anally, if we rather regard the compact arch of the Old World 
itself as the natural complement of the broken Indo-Paclfic depression, 
then the most active and continuous septal band of the present day should 
divide them. Again our law asserts Itself triumphantly. It Is the great 
volcanic and earthquake band on which are struog the Festoon Islands 
of western Asia, the band of mount St. Ellas, the Aleutians, Eamtchatka, 
the Kuriles, the band of Fueijama, Krakatoa, and Sanglr. The rate of 
movement of the earth's surface doubtl ss everywhere varies directly as 
the gradient. 

We find, therefore, that even if we restrict our observations to the most 
simple and elementary conception of the rock fold as being made up of 
arch-limb, trough-limb, and twisting but still contlnuons septum, we are 
able to connect. In one unbroken chain,theminutestwrinkle of the finest 
lamina of a geological formation with the grandest geographical phe- 
nomena on the face of our globe. 

We find, precisely as we inticipated, (hat the wave-like surface of the 
earth of the present day reflects in Its entirety the wave-like arrange- 
ment of the geological formations below. On the land we Had that the 
surface arches and troughs ansner precisely to the grander regional an- 



iyGoo<^lc 



240 The American. Oeologiat. October, ibm 

ticliDee and sjacliaes of tbe Bubternnean aedimeDtaiy aequeoce; and it 
may I believe, be regarded as cert^n Uiat the aubcaarlDe undulatioDB itave 
a similar or complemeDtary relatlooship. We find in the newgeologj,as 
Hutton found in the old, that geography and geology are one. We And, 
aH we auipected, that the physiognomy of the face of our globe Is an un- 
erring Index of the solid personality beneatli. It bears In its lineaments 
the characteristic family features and the common traits of Its long line 
of geological ancestors. 

Sucli, it seems to me, is an imperfect account of the introductory para- 
graph^ of that great chapter in tbe new geology now in course of in- 
terpretation by geologists of the present day; and we have translated 
tliem exactly in the old way by the aid of the only living geological lan- 
guage, the language of present natural phenomena, and 1 doubt not 
that sooner or later the rest of this great chapter will be read by the 
same simple means. 

I iiave conflned myself to-day to the discussion of the chancter- 
istlcs of the simple geological fold as reduced to Its most elementAt; 
terms of arch, trough and unbroken septum; for tliis belag clearly un- 
derstood, the rest naturally follows. But this twisted plate is really the 
key which opens the entire treasure-house of the new geology In wblcli 
lie spread around in bewildering confusion facts, problems, and concln- 
sions enough to keep the young geologist and other sclentlSc men busi- 
ly at work for many a long year to come. 

Into this treasure- bouse 1 often wander myself, in the few leisure 
hours that I can steal from a very busy professional life; and out of it I 
bring now and again heresies that sometimes amuse and sometimes hor- 
rify my geological friends. As jou have so patiently listened to wbat I 
have already said, perhaps you will permit me In a few final sentences to 
indicate in brief some of those novelties which 1 see already more or 
less clearly, and a few of those less novel points on which it appears to 
me that more light is wanted. My excuse is two- fold —first, to furnish 
material for work and controversy to the young geologists; and second, 
to obtain aid for myself frpm workers In other walks of science. 

The account of the simple rock-fold I have already given you is of 
the mostelementary kind. It presupposes merely the yielding to tan- 
gential pressure from front and back, combined with effectual resistance 
to sliding. But in the layers of the earth-crust thure is always, In addi- 
tion, a set of tangential pressures theoretically at right angles to this. 
The simple fold becomes Afold«dfi>ld, and the compound septum twists 
not only vertically but laterally. On the surface of the globe this 
double set of longitudinal and transverse waves is everywhere apparent. 
They account for the detailed disposition of our lands and our waters, 
for our present coastal forms, for the direction, length, and disposition 
of OUT mountain-ningee, our aeas, our plains, and lakes. The compound 
arch becomes a dome, Its complementary trough becomes a basin. The 
elevations and depressions, major and minor, are usually twinned, 
like the twins of the mineralogist, the complementary parts being often 
f&verted,andtumed through 180' (compare Italy with the I*o-Adrlitic 
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depreealoD). Every upward awlrl and eddy hw Its anaweriag downward 
swirl. Tbe whole surface of our globe is tbus broken up Into fairly 
contlDuoDS and paired masBes, divided from eacli other by moving 
areas and 11dm of mountUn making and crust movement, ao that the 
surface of tbe earth of the present day aeema to stand midway iu Its 
structure and appearance between those of the sun and the moon, its 
eddie* wanting the mobility of those at the one and the symmetry of 
thoae of the other. Id the geology of the earth-crust, also, the inter- 
crossing of the two aeta of folds, theoretically at right-angleg to each 
other, gives rise to effects equally startling. It Ilea at the origin of the 
thruBt-plane or over-fault, where the septal region of contrary motion 
in the fold becomes reduced to, or Is represented by, a ptarM of contrary 
motion. It allows us to connect together under one set of homologies 
folds and faults. The dowathrow side of tbe fault answers to the 
trough, the upthrow side to the arch, of our longitudinal fold; while tbe 
fault-plane itself representa the aeptal area reduced to zero. The node 
of the fault, and the alternation and alteration of throw, are due to the 
effects of the tranaverae folding. 

These tranaverae folds of different grades, which aflect different layers 
of the earth-crust differentially, account also for tbe formttlon of lacco- 
iitea, of granitic cores, and of petrulogical provincea ; and they enable na 
aleo to understand many of the phenomena of metamorphlam. 

Of the folda of the third, order I shall here aay nothing ; but I must 
frankly admit that the primal cause of all thla tangential movement and 
folding streae la atltl aa myaterloue to me aa ever. I Inidine to think 
that it 1b due to many causea— tidal action. Bed! mentation, and many 
others. I cannot deny,' however, that it may be mainly the result of tbe 
contraction In diameter of our earth, due to the loss of its original hfat 
into outer apace. For everywhere ive 9nd evidences of symmetrical 
crushing of the earth-crust by tangential atreases. Everywhere we And 
proofs that different layera of that crust have been affected differentially, 
and the outer layers have been folded the most. We seem to be dealing 
not so much with a solid globe as with a globular shell composed of 
many layers. 

Is It not just poaaible after all that, as others have suggested, our earth 
la such a hollow shell, or series of concentric shells, on the surface of 
which gravity Is at a maximum, and in whoae deepeat Interior it ia non- 
existent? May thla not be so also in thecaee of tbe sun, through whose 
spot eddioB we pOBsibiy look into a hollow interior? If so, perbipB our 
present nebute may also be hollow ahella formed of meteorites ; on tbe 
surfaces of these shells the flery spirals we see would be the swirls which 
answer to the many twisting crustal septa of the earth. Our comets, too, 
in thlB case might be elongated ellipsoids, whose visible parts would be 
merely interference phenomena or sheets of differential movement. 

In this case we have represented before us to-day all the past of our 
earth as well as its present Uniformity and evolution are one. 

Thus from the microscopic septa of tbe lamintc of tbe geological for- 
mations we pass outwards in fad to these moving septa of our globe. 
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rotirked on land b; out new tnount&in-chalnH, >nd od our shores bj oui 
active volcanoea. Tbeuce we sweep, in imaginaiion, ta tbe flery eddiea 
of the aun, and tbnnce to the glowing swirls of the nebulte ; and ao out- 
warda and upwards to that moat glorloua septum of all the Tlslble crea- 
tion, the radtent ring of the HUky W&y, 

Prof. George Darwin, in hig addreas to the aectioo of mathematical 
and phyalcal aclence at the meeting of the Britiah AsaoctatiOD at BItqi- 
ingham iu 1886, with all the courage of genlua, and the authorltj of one 
of the BODS of the prophets, acknowledged that it aeems as likely tbat 
"meteorology and geology will pasa the word of command to cosmlcal 
physics as the converse." Behind this generous admission I ahelter 
myaelf. But I feel absolutely coDHdent that long after the phy aiciste 
may have swept away these provisional astronomical Buggestions as 
"the baseless fabric of a vision," there will stltl remain in thetreu- 
ure-houae of the geological fold a wealth of abundant material for the 
uae of the mathematician, the phyaiciat, the chemist, the mineralo^st, 
and the astronomer, of the deepeet Interest and of the highest value. 



EDITORIAL COMMENT. 

Qeoloqical Reminibo£no£s of Rochester in 1892. 

a — Geology at Itocheater. 

b— Excursion to the "Pinnacles". 

C — " " " Niagara Quairiea. 

d — " " " Gorge of the Geneasee. 

e— ■' " Niagara Falls. 

f— " " the Bait- well at Livonia. 

g — " " Irondequolt foy and Lake Ontario. 

Apart from tlie papers and diacuesion the recent gatliering of 
geologists at Rochester was noteworthj. Though Rochester is 
one of the largeand old established citiesof the Empire state, yet 
the American Association for the Advancement of Science had 
never before met there, and the recent gathering and its success 
are in great part due to the judgment and activity of Prof. Fair- 
child, of the university, aided by the local committee. 

The region around Rochester is one of considerable geological 
interest and several of the special pdints were visited by members 
of the Society and of the Section during their stay. This part of 
the annual gathering seems to be assuming more and more prom- 
inence — a fact scarcely to be regretted. To most of the visitors 
as much advanti^e may be gained by seeing a new locality as by 
spending their time within four walls. Geology is an outdoor 
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science and its successful propagation is likely to be successful 
in proportion as its study is prosecuted in the field. Possibly 
Rhort excursions in the neighborhood of the place of meeting, 
preceded and accompanied with careful description and explana- 
tion, may form in time a regular part of the program both of the 
Geological Society and of the Section. Such excursions would be 
specially adapted to interest the younger members and to bring 
them into active work. 

Be this as it maj', however, the excursions were interesting and 
profitable parts of the Rochester meeting. One afternoon a party 
with Mr. G. K, Gilbert, a native of Rochester, as guide, went to 
the Pinnacle hills, about two miles from the city, and examined 
their structure as it was shown' in a large gravel pit. Here could 
be seen stratified sand overlain by gravel and shingle — true 
northern drift — and this again by till laden with large and small 
stones, many of them smooth and striated. Great irregularity 
was seen in one place where tlie bedded material had been dis- 
turbed apparently soon after its deposition. Several slight faults 
with small downthrow to the northeast were visible at various 
points and at the northeast end all signs of stratification ceased 
and the hill consisted of a confused mass of gravel and sand 
overlain by till. Numerous large and unworn blocks of Niagara 
limestone were scattered through the hill and had been brought 
from the outcrop of the same stone at a much lower level a few 
miles off. 

The visit formed the topic of an interesting discussion next 
morning, though some objection was raised by a few to this la- 
termption of the program. Probably the objection can in future 
be obviated in such a' case without causing difficulty. 

Another excursion was made to the quarries intheweatem<part 
of the city under the leadership of Prof. Arey of the high school, 
who has apparently collected more Niagara fossils from the region 
than any one else in the city who took part in the meeting. These 
quarries cover many acres of ground and the stone has been ex- 
cavated to the depth of twenty feetor more. The Niagara is here 
a dark grey limestone yielding few fossils among which StToma- 
topora concentrica is by far the most abundant. All are In a bod 
state of preservation, existing as casts alone. The characteristic 
minerals were found in plenty or bought from the boys; such as 
dolomite, selenite and other forms of gypsnm, blende, etc. 
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The excursion to Portage and Mt. Morris proved exceedingly 
pleasant and instructive. Running alongside of the beaatiful 
gorge of the Genessee the geologists could not fail to be struck 
with the immense work that had been done by the rlTcr during 
post-glacial time. Miles of canyon, hundreds of feet in depth, 
passed in review as the country rapidly rose toward the higher 
tabic land of central New York. At the head of the gorge was 
seen the cutting-engine at work under the Erie viaduct in the 
form of the Upper Fall, which is continuing the task of excava- 
tion to the southward. A few miles lower down the Middle Fall, 
as a second cutt«r, is following suit and deepening the groove 
while the Lower Fall, hidden in the forest and accessible only 
with difficulty, is slowly coming up stream in the wake of the 
other two, and completing the work. Below these three follows 
a run of comparative peace until the river reaches Rochester and 
throws itself over the great Silurian escarpment where another 
series of falls exists and another consequent canyon is in course 
of excavation. 

The party were received and hospitably entertained by the citi- 
zens of Mt. Morris at dinner, after which carriages were in wait- 
ing which took them to the winding and most picturesque part of 
the gorge about two miles from the town. Here a very fine view 
was obtained over the country. The Genessee has cut since the 
Ice- Age a serpentine groove through the shale several miles long 
where the cataracts once existed which have now receded up stream 
to Portage. The river here flows several miles to accomplish 
what in a straight line is only a short distance. At a point just 
above Mt. Morris it is proposed to erect a solid dam of masonn' 
130 feet high across the river and pond, back the water for eleven 
miles, forming instead of a canyon a winding narrow lake 150 
feet deep at its lower end and gradually shoaling upward. The 
plan is intended to equalize the flow of the Genessee, holding 
back the water in floods and supplying more effective and constant 
water power to Rochester and other towns along its course. Its 
effect on the scenery of the valley may not be improving but in 
this utilitarian age few stop to consider this aspect of the under- 
taking. A hasty stop at the salt-works concluded the daj's ex- 
cursion. 

Another party and a. large one spent the day at Ni^^ra chiefly 
to enjoy the scenery and the change. Here also they were well 



^chyGOOt^lC 



Editorial Comment. 345 

entertained, and the visit was highly appreciated, but the ground 
is very familiar to nearly all and any descriptioD woold be super- 
flnouB for geologiatB. 

The other Satarday excursions were intended chiefly for botaa- 
iflts and pleasure seekers. We need not say that tfaey were well 
attended and enjoyed. 

A special party, led by Prof. H. T. Fuller, afterwards made aa 
excursion to the new shaft drilled for salt at Livonia. In spite 
of the extraordinarily low price at which salt is now sold there ia 
i4>pareotIy a profit in its manufacture as the works are being en- 
larged and extended in every direction. 

Irondequoit bay and its preglacial valley and the beaches of 
lake Ontario were visited and investigated by special parties who 
chiefly made their own arrangements. Nothing but a visit can 
give adequate ideas of this mooument of the Ice- Age standing in 
bold relief on the veiy edge of the Ontarian basin, and to glacial- 
ists few excursions could be more useful or interesting. But a 
lengthy description would be of little use and might even become 
tedious. The general features are familiar. The "ridge road' 
occupies the old sand beach under which ties a lower one ol 
coarse shingle chiefly composed of Medina sandstone mingled 
however with northern drift. Below the last and entirely coQ' 
cealed by glacial deposits is the ancient buried cliff, of hight un- 
known, which once formed the sonthem bluff of the Ontarian 
valley before the lake existed. Heavy deposits of silt and oJ 
morainic matter fill the inlets up to the level of the ancieol 
outflow point where the waters of the lake escaped when the 
present channel of the St. Lawrence was blocked. These facts 
and the lessons which they can teach of the varying hight of the 
water and possibly also of the land lent great interest to the va- 
rious lake excursions and were to geol<^sts exceedingly inetruC' 
tive. All, whether geologists or not, fully appreciated the kind- 
ness of their Rochester entertainers, and the aid kindly given 
them by several of the railway companies whose lines run to 
Rochester. 

Wabd's Natdeal Science Bbtablishmekt. 
Not the least among the attractions of Rochester to the geolo- 
gists belonging to the Association was the establishment of Prof. 
Henry A. Ward. From a small beginning, thiriy years ago, this 
museum factory has grown to immense size. The earliest coUec- 
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tion m&de by its foander was purchased about twenty-eight years 
ago by the University of Rochester and now adorns itB cases and 
supplies magnificent material for illustration. In few places can 
be found finer or larger specimens of some of the minerals there 
exhibited. Enumeration would be tedious, but the eye of even 
the cursory visitor, whether geologist or not, must be arre8t«d by 
the splendid crystals of Cornish fluorite, Cinghalese graphite, 
blende and hcematite from the north of England, and septaria of 
large size, cut and polished for ornamental purposes, from the 
upper Mesozoic beds of the coast of the English channel and from 
Mt. Morris, M. Y., while almost unique in its singularity and 
beauty is a large specimen of crystalline (?) anthracite in the form 
of curved blades of cone-in-cone from South Wales. 

On the palteontologica! side of the collection may be seen one of 
the finest setA of European Ammonites ou this continent, with 
large suites of fossils from various countries and from many dif- 
ferent horizons, which are of immense value to the student for 
purposes of comparison. 

At the time of the purchase little had been done in American 
geology outside of New York state. The treasures of the great 
West were unknown and the East was almost unexplored. Hence 
this collection and most of those made at a similar date were 
composed, in great part, of foreign material. But additions have 
since been made and are being made as the department grows, 
and American palceontology has now a fair representation, The 
whole collection has recently been rearranged by Prof. Fairchild, 
and is in excellent condition. 

It was the gathering of the specimens now in the museum at 
tlie University of Rochester that started Prof. Ward on his career. 
From that day onward he has been engf^ed in the task of collect- 
ing. No labor, pains or expense has been spared in reason, and, 
we fancy, sometimes out of it, to increase the value of his stores, 
and now bis museum and laboratories are unequalled in America 
and scarcely, if at all, surpassed in scale in the world. It is dif- 
ficult to ask for specimens, excepting, perhaps, unique or almost 
inaccessible forms, without having them at once laid before yon. 
The writer has tried, and speaks from experience. Prof, Ward 
has visited almost every part of the world in search of material 
and is often somewhere in foreign parts seeking what he may ob- 
tain by purchase or exchange. His aim is to get alt material 
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from the typical localities bo as to insure anthaaticity. He visits 
these places and secnres collectors wheaerer posible, often men 
vfao are poor in money but enthusiastic in their work. From 
these he receives conaignmenta year after year, thus keeping up 
the intercourse and the engagement. In some cases he finds it 
necessary to advance the funds for an expedition in search of 
the materia] wanted, and it is pleasant to learn that very rarely 
has the confidence been betrayed. 

Prof. Ward returned from a long tour of this kind during the 
meeting of the A. A. A. 3., bringing with him or sending on great 
quantities (over 200 cases) of minerals and other supplies. Here 
was stibnite from a rich Japanese locality, only discovered lately, 
luxulyanite (schorlaceons granite) from the typical region at Lux- 
ulyn cove, Cornwall, and polished serpentine from the classic 
Lizard Head, slabs of flexible sandstone (itacolumite) {rom Bra- 
Eil, large blocks of ripple-marked sandstone from the quarries at 
Berea, 0., basaltic columns from the Giant's causeway, and 
laige calcites from the old but seemingly almost exhausted beds 
of Iceland. 

Add to these syenite from the original Egyptian quarries at 
Assouan, dolomite from the Tyrol, lipoiite from the Liparl isles 
and hundreds of slabs of polished marbles from most of the well 
known marble quarries of the old and new worlds. 

All these, when received, are carefully studied, determined and 
mounted. Labels are printed for the minerals showing the uame 
and locality, with formula of composition, crystalline system and 
the number assigned in Dana's "Mineralogy. " It is needless to 
point out how much, by this care, the teaching value of the spec-' 
imeuB is increased. 

In this connection should be noticed a school collection contain- 
ing 120 specimens, which is amply sufScient for elementary work 
in the hands of a good and competent teacher. Such a collection 
should be in every school in the country, above the lowest 
grade. 

Prof. Ward's personal pet at present is his collection of meteor- 
ites of which he now hoe almnt 164 "fails." One of these from 
Queensland had cost, he said, (1,020, and another that fell in Con. 
ado, only weighing a few ounces, was destined for the Royal- 
imperial museum at Vienna, where Dr. A. Brezina wanted it aa a 
type of a kind not yet possessed by that immense collection. 
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Money is evidently not the first cooBiderattoQ &t Vienna in secur- 
ing objects of scientific value. 

The worth of a meteorite, Prof. Ward expluned, is often in 
inverse proportion to its size, becaase, if large, there is abund- 
ance of the material for all, whereas if email it must be used eco- 
nomically. Large meteorites are asually sliced for purposes of 
study, and a small set of gang saws was slowly cutting its way 
through one of these bedded in plaster, in an adjoining workslu^, 
at the rate of one-eighth of an inch a day. 

Not a few of the most interesting meteorites have been modeled 
and are on sale together with imitations of many of the great and 
famous but nniqne gems of the world. These latter aremostlyof 
glass and are exceedingly beautiful, while for purposes of illustra- 
tion and of teaching they are, to all intents, as useful as real gems. 

Another important element is a large collection of working ma- 
terial, which is sold by the pound for the use of students and 
chemists. This is sufficient to illustrate the chemical properties 
of the minerals; while for the optical and other physical proper- 
ties other sets are kept in stock. These are purchasable at prices 
that render it possible to use them for class purposes. Ores, also, 
of all the common kinds are kept tor the same uses. 

One very important and interesting department which has been 
conceded to Prof. Ward by the U. S. Geological Survey, is the 
construction of models of many interesting and important regions, 
such as the Gorge of the Colorado, ..Stna, Tesuvius, the Cliff- 
dwellings of New Mexico, etc. An excellent model of the Serp- 
ent mound in Ohio was constructed during the meeting for the 
illustration of an address by Prof. Putnam before the Section of 
Anthropology. 

The value of this kind of work is not at all appreciated at pres- 
ent by teachers at large. Only the few can see its helpfulness. 
But we hope the day is not very far distant wUcn geography as a 
science will take its proper place in education — when the teach- 
ing of this subject will cease to be a mere burlesque, a memory 
t&sk of names and details, and become, as it can be and should 
be, one of the most interesting and useful of all our youthful 
studies. Then will our educators awaken to the value, or rather, 
the necessity of such helps as these, and relief maps and globes 
will be as much things of course in the school-room as they are 
in the schools of Switzerland and of Germany. 
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Bat time would fail to tell of the many objects of interest that 
can be found in thia museum, and ire must limit ourselves to 
things geological. 

One peculiar feature in this collection, original with Prof. 
Ward, who himself once held the professorship of natural sci- 
ence in Rochester University, is the collection illustrating geo. 
logical phenomena, many flue specimens of which may be seen in 
the University Museum, Mud-cracks, stylolites, cone- in -cone, 
fulgurites or lightning tubes formed in sand, tavasof many kinds, 
dendrites, volcanic bombs, folded gneiss, etc., are all illustrated 
by abundant and excellent specimens. Add to these the collec- 
tion of lithological specimens from the original localities, well 
labeled and showing on the back the geological section from which 
they each came, and its exact horizon in the section, and it ia 
easy to see the great labor that has been spent in the preparation 
and elaboration of the material and its adaptation to the purpose 
of instruction. 

Prof. Ward is naturally full of experiences. No man could go 
about the world so far and so often as he has been and on such 
an errand, without meeting with these. A mass of "grgs lustr4" 
was snatched from the bank of the Uruguay during a momentary 
stop of the river steamer, hauled on board and saved, to the as- 
tonishment of the fellow- passengers who came to the usual con- 
clusion in regard to this "crank." The pumice gatherers of the 
Lipari isles laughed with undisguised contempt at the "fool" who 
drove down to the shore mules laden with obsidian, "worthless 
stuff" and neglected the commercially salable pumice. 

Many of the museums of this country have been enriched by 
the labors of Prof. Ward, notably the museum of Comparative 
Zoology at Cambridge, where are several almost unique skeletons 
of the gigantic fossil mammalia, especially those from the wide 
pampas of Argentina, whose Tertiary gravels have yielded so 
many huge fossil sloths, eto., since the time when Darwin visited 
that country and made the world aware of the wonderful treas- 
ures that it contained. The Cambridge museum possesses Mylo- 
don, Glyptodon, Leffodon, Skelidutkerium and Tox.odoa, the last 
secured for Agassiz by a costly, urgent telegram sent by Prof. 
Ward from Buenos Ayres; $5,000 purchased the treasure in spite 
of the law against the exportation of these fossils, which was 
engineered through the Argentine Legislature by the well known 



iyGoo<^lc 



860 The Americcm, Gedlogi»t. octoiwr, ini 

geologist, Burmeister, then curator of the mnsenm at Buenos 
Ayres. Forgetting the coBmopoIitan generoaity that ahould char- 
acterize science, he doseended into the field o( politics and 
attempted to exclude the students of other nations from the ad- 
vantages which South America possessed, but could only imper. 
fectly use. Fortunately, this selfish law never was, and perhaps 
could not be enforced. In the wholesale exportation of Iwnesthat 
was continuoosly going on for the manufacture of phosphates 
was not to be expected that the custom-house officials could di 
tingnish those of Megatherium and Skelidotkerium from the more 
common place bones of Boa and Equut or perhaps of Homo, even 
had they wished so to do. 

It is a treat to go through the museum with the professor when 
he is, as now and then happens, disengaged fora short time and to 
listen to the reminiscences suggested by this or that specimen. A 
fine piece of crokidolite elicited the story of a visit to Griqua- 
land, the only known locality for the mineral, and a prowling ex- 
cursion to the stone kraals of the natives with hammer in hand. 
Selecting those that contained the mineral as discovered by strik- 
ing off a chip, the naturalist (what the Griquas call him is of no 
consequence here) pulled down the fence, took out the slab of 
crokidolite and either built up the wall i^ain or left it for the 
owner to restore, as seemed to him advisable in regard to the 
future. 

A portion of a basaltic column recalled a visit to the cele- 
brated Giant's causeway, where in the chalk underlying the basalt, 
some magnificent specimens of Ventriculites tparamoudras) were 
secured by sending a man with a wagon through the country to 
beg or to buy them, as the case might be, from the country-folk, 
by whom they are used as posts or ornamental stones and for a 
variety of other purposes. One of these stood eight feet high in 
the chalk pit where it was found, and another now in Rochester 
and almost perfect, measures three feet. 

Not the least debt which the geologist or the naturalist in geu- 
eral owes to Prof. Ward is one for the generosity with which he 
is willing to allow students to consult his specimens for purposes 
of comparisoa and of work. In tew places can a better oppor- 
tunity be found because the specimens are not usually mounted 
and set for purposes of show so that they cannot be handled, but 
they are in the rough, natural condition. Ask for one and in a 
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minute the creature lies before you and jou can examine almost 
every part of its stnicture inside and outside. In this way in- 
Tiilusble assistance may often be obtained by a worker who is 
nnable to buy or perhaps, in consequence of their size, unable to 
keep the bulky specimens which he nevertheless desires to con- 
sult or lo compare. 

AH this fails to give more than a scanty account of the treas- 
nres that the geologist can see at Rochester, and no mention has 
been made of other lines of study in which equally rich stores of 
material are kept Ornithology, ichthyology and all the branches 
of zoology including human anatomy are comprehensively repre- 
sented, and from a whale to a lancelet, from a humming-bird to 
an eagle, the museum is able to meet at once almost any call that 
maybe made upon it. Ward's Natural Science Establishment is 
the Mecca for the American geologist and naturalist anil a pil- 
grimi^ there is a sure profit and a joy. 



EEVIEW OF RECENT GEOLOGICAL - 
LITERATURE. 

An iTUroduction lo the tlvd]/ of the Qenera of Paieozoie Brachiopoda. 
Put I. By Jakes Hau., assisted by JohrM. Clarkb, Allrany, Mew York, 
1808. The work before ue is the first part of Vol. tki. Paleontology of 
New York. In this and the succeeding volume, which wili be part two 
of Vol. VIII, Faleontoiogy of New York, the veteran paleontologist of 
America designs to set before the student the present knowledge of the 
genera of that moat comnoD and most Interesting group of fosailf , the 
Braehiapoda. Necessarliy the discuBsions and illustrations of these 
volumes are limited to Paleozoic bracbiopods. As usual, the ciasa 
Braehiepoda is divided into two orders, and for these tbe author usee the 
Blmple and convenient terms proposed by profeeBor Huxley, the /narft'cu- 
lata and the ArtituUUa. To the deOnltlon and generai diBCUBsion of the 
genera of the Inarticuiata the author devotea 183 pages; while 13 plates 
are occupied by generic illustratlonB of the same group. The Temainiog 
portions of the volume, about 170 pages and 29 plates, are given to the 
forms usually referred to the three closely related families, Orthida, 
StTophomenida and Produetida. The spire-liearing brachiopods, the 
Shyn^ioTtellida, Pentiimeridi^ and Terebratvloid forms, will be discuBsed 
in the second pait of the volume. No attempt in made to arrange the 
genera either of tbe ATticulata or Inarticulata in groups having the 
rank of zoological families. 

The manner in which the author treats the genus OrlhU will illustrate 
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the method of the nork in gener&l. We have first, in chronolo^cal 
order, refereoces to poblicatioiu, p&rticularly those of American authors, 
in vhLch the genuB la recognized. Ab a bibliographer this feature of the 
work will prove of great value to etudente. Following the bibUographj 
is a diagiiotit of the genus. Variations In the external and Internal 
characterB of forma heretofore referred to the genus are dUcuBsed. The 
original type is considered, 0, e^iUactU and 0. eailigramma being selected 
from the species cited bj Dalman as the only available types of the 
genus. The most common American form of the same type Is 0. trieen- 
aria. Limiting tbe genus Orthit to such forms, there remsJns a vact 
assemblage of heterogeneous apecles, that hsve been referred to Orthit 
by varlouB authore, to be disposed of In some other way. These are dis- 
tributed among a number of genera, for a large proportion of which 
new nsmes are proposed. For example we have Pleetorthit to include 
the group of 0. plicalella,LinoTlhig forthe group of O.peetiaeiia, PUuiomj/t 
for the group of 0. fuhqvadrata, Ilebertelta for the 0. liavata group, 
Orthoitrophin ot which 0. itrophomenaida is the type, I'laty$tTophia for 
the group including 0. bifor-ita, Hettrorthit to Inrlude O. elglie aud Its 
relatives, Bilobitet for 0. bilobrt, Dalmanella for the group resembling 0. 
tetttidimtria, Rhipidomellii for the group resembling 0. mieJieltni, Sehiio- 
phvriii for the group of 0. resupinaUi. Ortkotidiia for 0. f morganiantt, 
and EateUUg to include the species best knotvu In America as Sgtitriel- 
atim hemiplieata. After some further general discussion of this group 
we find a liBt of species that stiould t>e included under each of the 
generic names. There is also a tabular arrangement showing the geo- 
logical range of each of the generic eubdlvieions. Only a few of tbe old 
genera afford opportunity for such extensive BUbdivisiou as Orthit. 

The genus Strophomena is limited to the forms agreeing in stntctnre 
with that recognized by de Blainville and Defrance as the S. rugata of 
Raflnesque. As so limited It would Include such concavo-convex species 
as have been. In recent paleontologlcal literature, referred to Slrrpto- 
rhyncJmt planumbcna, 8. fllitexta, etc.; while the Slrophomena alterruila, 
that usually holds an honored place among the earliest possessions of 
tht embrj-onic paleontologlat, is not a 8tropkimena at all, but must here- 
after be paraded under the new generic name of Hnfiaetquina. The rigid 
application of the rules of nomeoclature doubtless requires such changes, 
but tbe unsettling of long estabUsbed terms is something always to be 
deplored. It would certainly be of great advantige to the taxonomlc 
BCieDCea, if aname, once in use and generally recognlzeil as having a 
definite application, could be retained by the action of some "statute of 
limitation," notwlthBtandiog the fact that Indiscreet enthusiasts, rum- 
maging in the dusty comers of oblivion, may bring to light some long 
forgotten name that hsd once been applied to the same thing. 

For Strc^hodoali the present work revives the original and more cor- 
rect form of Slrophtodtmta. The generic name, Mimvlut, proposed by 
Bariande in 187B, and uaed on page 873 of the present volume, Is Inad- 
missible according to strict rules of nomenclature, since Mitnuhu has 
long been employed to designate a genus of labiate plants. 
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The work before lia represents so lacoticeinible amount of paloB-tak- 
Ing Ubor. The determlnktloa of the Internal charactera of the multltud- 
Idohb apedee of Paleozoic bra'tiopods is aomething from which persons 
ieas enthnaiaatic and leas gifted than the eminent author might well 
shrink. The work has l>een in hand more or leaa continuoualy for more 
tiian twenty yeara. That It Is at iast practicaily completed is aomething 
Tor which profeasor Hall deaerves to receive the thanks and congratu- 
lation a of paleontologlc students. 

The fuineaa with which each genus la Illuatrated adda Incalcuiablj to 
the value of the volume. 

' Dee^pment t^ tht Sraehiopoda. Part I. Introduelion. (Am Jour. 
Bel., TOl. XXI, 1661, pp. S4S-8(iT, one plate.) Part it. ClaMtJkation of the 
■Btaget of Growth and Deelint. (Ibid. vol. XLir, 18S2, pp. 1S3-1K, one 
plate.) By Charles E. Beecbbr. 

The object of these ptpers la to apply to the Bracbiopoda " the law of 
morphogenesis as deflned by Hyatt." Nooneof tbeclasslflcatlona hereto- 
fore propoaed la establlsbed upon fundamental principlea but allare based 
on one set of secondary characters for certain groups and another set for 
other sections. The Brschiopoda, until 1888, hiid only been divided Into 
two sections, the Lyopomata and ArthropomatB of Owen, or tlie Inarticu- 
lats and Articulate of Husley. When we consider that there are about 
5,000knownspeclesofbrachlopoda, arranged In over 270 genera, occur- 
Ing in the oldeat uudoubted foaelHferoua rocka and down to the present 
time, it certainly seeme as if the class should be capable of further 
separation into targe groups or orders beaidea tboae biued upon the 
piesence or absence of an articulating prot-ess. In that year. Dr. 
Waagen In bis great work on the Brachlopoda of the Bait Range of 
India, further divided each section Into three suborders. While this 
classlflcatlon brought together, more or less correctly, famllicH having 
relations to each other, yet no far reaching attempt was made to show 
the genesis of tbe class in the application of the principles of phylogeny 
and ontogeny. In the above mentioned papers Dr. Beecher Las applied 
the '■principles of growth; acceleration of development; mechanical 
genesis and geologic sequence of genera and species." The develop- 
ment of ancient apeciea In their adult condition represente nealoglc 
(youthful) or nepionlc (young) stages of later forma. 

The flret or embryonic shell is alike In all Brachipoda, except where 
modified by accelerated development, it having bf en observed by the 
author in about forty genera, representing nearly all tbe leading fami- 
lies of the class. This, the flrat shell stage, he has termed the "proteg- 
ulum" and la homologous with the "protoconch" of Owen In cepbalo- 
pods and gastropods, and the prodisaoconch of Jackson in pelecypoda. 
The prntegulum Is " corneous and Imperforate, serai-clrcuIar or leml- 
elllptlcal In outline, with a atraight or arcuate hloge line, and no hinge 
area." The "prototype preserving throughout the development the 
m^n features of the protegulum, and showiug no feparate or distinct 
stages of growth "Is found In the early primordial Obolui labradorifTit 
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BllUnge, vbich haa been refeired to Kuiorgina by Kuthora. IVb 
speciea is sbova to be generically dietiact from Kvtorgina eijiffulmlm, 
and for ahelU of that type the term Pater'ina is propoaed. The protect 
ulum 1b usually "pate rloa-Hh aped," yet In OrbieiUoidea and Diseinilea It 
1b modiSed by accelerated growth "becoming more cfccular, and with 
shorter and more arcuate blage Id the ventral valve." 

The author then explains in a clear and concise manner tlie " modiA- 
cations from acceleration; differences In the valrea and genesis of form* 
all of which la of the greatest Importance to biologists and paieontoLo- 
glats. The "typea of pedicle openings" are then considered, of wMdt 
there are four, and theae are shown to be of general application to all 
brachiopods. Lyopomata and Arthropomata are each divided into two 
orders. The first into Atremata, In »lilch the pedicle "in all atageaof 
growth emerges freely between the two valves, the opening beIngmor«<« 
less shared by both," and Neotremata, where the pedicle ia "more or lew 
surrounded byprogreaBiveDealogicgrovFth posterior to the initial binge.' 
The Atremata contain Obolella, TrimerelUi, Livgula, etc., while the Neor 
tremata have such genera as DUcina, Aerotreta, Tramatii, Crania, etc. 
The Arthropomata are divided Into Proirirrnata and Telctremata. Tha 
pedicle In the former "is enclosed la early nepionic stages by shell 
growth; posterior covering (pseudo-deltldium) retained at maturity, or 
resorbed or abraded in nealogic atages, bo that the pedicle protrudee be- 
tweeu the two valves." Types of this order are Ortkiiina, Strophomena, 
Produclut, Orihit, Pen(am»ru», etc. The Telotremata are distingalshed 
in that the "pedicle opening [is] shared by both valves In nepionic 
stages, usually confined to one valve in later stages, and becoming more 
or less limited by two deltldlal platea la ephebolic atages." This order 
cODtainB the Rhynchoapllidic, &piriferidffi and Terebratulid>e. These 
four orders are again divlaible into natural suborders, and to these the 
majority of the names proposed by Waagen will he applicable. 

Part II. treats of the "classification of the stages of growth and de- 
cline," The author gives in a condensed manner all the known embry- 
onic and larvel atagea of brachiopods from the ovum to the first shell 
stage. Of these there are six for which he adopts the terminology of 
Hyatt, and gives of each one or more illustrations. For compariaon with 
the bracbiopode four figures of embryonic atages of Spirorbi* bortalit are 
added, but the author aaye "it ia not intended by this to indlrat« a close 
relatlonBhlp with the chKtopoda, fur the writer ia inclined to accept the 
opinion of Jonbln, tbat the brachiopods constitute a distinct and inde- 
pendent class." 

The larval and later stages of 7'A«ci'ifium, aa given by Kovalevski, are 
ahown by Dr. Beecher to he genftlcally related to the Strop homenldfe 
rather than with the Terebratuiidn;, to which the family Thecldildre la 
usually referred. Heretofore the Protremata, or atrophomenoids, have 
been regarded as extinct with the close of the paleozoic age, but now 
this order Is known to. have lived from its inception up to the present 
time. 

Much value, heretofore, waa not placed on tbe nature ol the coveriog 
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to the pedicle opening, or deUhyrium, sa It hss recently been termed by 
Prof. Hall, whether It is of one piece, the "deltidlum," or compOBed of 
two pieces, the "deltldial plates." It U here ahown "that the deltidlum 
in all epeclea posBeaalng it (the Protremata) \» an embrjrologlca], or ne- 
pionlc feature, which may or maj not coatloue to the ephebolic period; 
while the deltidial plates in other bracbiopods (the Telotremata) appear 
later during the nealogic and ephebolic period, or may never be devel- 
oped." The deltidlum "is a shell growth from the dorsal side of the 
body [in the typeembrfo stage} which afterwards becnmeaattached to the 
ventral valve, and is then considered ai belonging to ft," while the delti- 
dial plates first commence to grow out from each stde-of the delthjrium 
during nealogic growth, and are secreted bj the veatral mantel lobe; a 
fundamental difference. 

The presence of adoroal anal openingin the Lyopomsta and its absence 
in recent Anhropomata the author admits is dIfBcult to explain, its ao- 
lutlou depending "upon whether the class is to be considered as pra- 
' greasive or degraded." In Silurian, Devonian aud Carboniferous deposits 
forms occur belonging to the Protremata and Telotremata in which there 
has been observed a dorsal foramen, the "visceral foramen" of aathora. 
"This character," he aays, "is evidently in- no way connected with the 
pedicle opening, but polnta to the existence. In the early articulate 
genera of an anal openlog dorsal to the axial line, aa in the recent Crania. 
• * * Id reference to this character anil the obsolescence of the eyes 
the clats must be viewed as retrogressive since paleozoic time. • * * 
Progressive in concentration of posterior element«, expaosloo of anterior 
elements, and limitation of pedicle opening to one valve." 

The post- embryonic stages are then deigned, also giving examples and 
figures of the "neplonic [young], nealogic [youthful], ephebolic (mature], 
and geratologic [old age] periods." 

"Another aspect of growth and decline is manifest when the size of 
individuals and the chronolo^cal history of the groups are taken into con- 
sideration. Each geaua and family began with small represeutatlvea, 
and rapidly developed the more radical varietiea of structure. Then 
came the culmination and final reduction In size, with abundance of 
geratologouB and pathologic forma. * * • The culmination of gera- 
tologoua growth results In the revrreion of the animal to ite oi«n neplooic 
period and is called the nostologic stage." Among clinologic and uosto- 
logic genera are mentioned CUitUa, Gieynin, Atretia and Ptatydia, which 
have lost many of their adult progressive ancestral features and, there- 
fore, represent early stages of grovrth In other modem species. 

Annual Report cf the Depaiiment of Mine* and Agrieutture, New South 
Wales, for the year 18S1, This report preeenta. In a very admirable way, 
the reaulta of mining operatlona in New South Wales for the annual 
period it covers. In the case of some of the vaUable minerals there 
are comparative tables giving the annual output year by year from 1865 
to 1891. The value of Che yearly product of mlneraia by the colony la 
between sU and seven mlDions aterling. The total value of minerals 
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produced to the close of 1861 ezceede nloety-tliree and a Ikalf milUoiu. 
Tbe Tolue or eilver and silver ores produced in 1881, exceeds three knd 
« btU milllODB, a value greater than all the rest of the miaerals together. 
Coal comes next in importaoce, its value for the year being about one 
and three-fourths millions. Tin was produced to the value of £271,412, 
while of iron the value amounted onlj to £86,101. Bituminous and 
kerosene shales have a value in the colony and are mined and utilized to 
"the amount of more than 40,000 tons. Indeed some of the coais, if we 
Buy Judge from the analyses, are little better than the product known 
as shales. Of the coal, however, which It all of Hesozolc age, more 
than 4,000,000 tons were raiHsd during the year covered by the report. 

There are detailed reports on the several mines and mining districts. 
There are tables showing number of men employed in mining, and 
number of accidents that occurred during the year. Besides the sub- 
jects usually found In mining reports we find a Watiir CoTusrvalion R»- 
pirrt, which refers to public watering places established on the main 
atock routes of the colony for the convenience of traveling stock. All 
the watering places, with a few exceptions, are under the direction of 
-caretakers who collect fees for the privilege of watering animals at so 
much a head. Some of these places are leased; in the case of those not 
leased, the fees are forwarded to the treasury. There are also reports 
from the Superintendent <>f Oavet, a public office unknown in America. 

In an article in the Sfteeoth volume of the Joarn<tl of the Oineinnati 
Society of Natural Hiitory, Mr. J. P. James continues bis summary of 
the Palaeontology of the Cincinnati Qroup, enumerating and reprinting 
descriptions of the species of Stromatopara, titromatocerlum and Beat- 
ricea,al80 those of Columnaria among the Actinozoa. The paper will be 
-continued. 

The same writer also discusses the preservation of plaota as fossils, 
showing bow the mere impression of a leaf or other organ may In some 
«aee8 be preserved, though not a vestige of the actual substance may 
remain to be fossilized. 

Mr. Whitman Cross, in the American Journal of Science (July, 1893), 
describes a series of strata in Colorado which fill a part of tiie gap exist- 
ing between tlie top of the Laramie (Cretaceous) and the lowest recog- 
nized Eocene beds. "The facts of stratigraphy and lithology show that 
in Colorado the great conformable series of Cretaceous formations ended 
with the coal-bearing Laramie strata. Deposition plunly ceased In this 
region because continental elevation, which had long been in progress, 
Anally caused the retreat of the Laramie seas." " Wnen sedimentation 
again began it was In comparatively small lakes or seas. In the pebbles 
of the Arapahoe beils is the record of the slow erosion of 14,000 feet of 
strata, from the Laramie down to the red beds of the Trias." 

Then followed volcanic outbursts over a large area, not however nee- 
-essarily requiring a very long era for their occurrence. The thickness 
of the Middle Park beds, the lower half of which is io great part vol- 
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cftiilc, Is 6,000 feet, IndicMtng conBiderable aubetdence during tbeii' for- 
mation. 

The author then dlecuBses the evldeoce for the age of the beds that 
he haa described, and sajB that the arguments drawn from the fosall ver- 
tebratee are not coQcluslve tn either direction, because the age «t the 
beds in which the types were found haa not itaelf been decided. Hence, 
to employ them aa a teat ot the age of other strata elsewhere. Is la fact 
reasoning tn a circle. 

Mr. C. B. Prosaer contributes to the Proeeedi/igi of the Boehetter Acad- 
em]/ of Scienee a paper on the tbichDess of the DeToolan and Bilniiao 
stnta of Western New York, along the lias of the Qeueasee rl*er, which 
Is of present intereat as relating to the ground of the meeting of the 
American Asaoclation. He briefly rams up the various attempts in th« 
early dajs of American geology to correlate the strata and to determine 
their thickness, and then from a careful compsrlsoo of four well kept 
borehole records, deduces the mean and actual thicknesa ot the rocks. 
"Taking", he says, "the sum of these maximum estimates, we have a 
series of rocks 6,BI0 feet in thickness between the base of the Olean con- 
glomerate and the top of the Archfean(?). The same section compiled 
from a series of well-records gives a thickness of 7,100 feet. At Roch- 
ester the thickness from the top of the Medina to the top of the Trenton 
la 1,766 feet, and at Wolcott 1,730 feet. Leaving out of consideration all 
weU-records, a conservative estimate of the thickness of thia series of 
rocks St Rochester, based on published data, would be from 1,250 feet to 
1,600 feet. 



COEEESPOl!n:)ENCE. 

Some Rem&bks on profbssoh Hbnrt 3. Wiluaxs* Address Be- 
roKB Section E., A. A. A. 8., at Rochester, N. Y., Auodst, 18S3; ok 
"The Scope op PALiVONTOLOOV and its Val*jb to Geologists," in the 
AMBniCAH Gbolooist FOR 8eptemubb,p. 148;— In a letter printed la 
the Aherican Geoixmist for January, 1880, p. 61, 1 have given facts at 
v&riai "e with pcofessor Williams' eipreseed opinions on nomenclatur* 
and claaslflcatlon of the American Devonian; which have been accepted 
and made use of, by him, In his paper, entitled "Correlation Papers — 
Devonian and Carboniferous" {BuU. U. 8. Qeol. Sum., No. 80, IBSl); and 
now I hope he will receive, as fairly, some important facts touching the 
real history of the discovery and use of paleontology in geological sci- 
ence, which are In a measure overlooked In his paper before the Ameri- 
can Association for the Advancement of Stdence. 

After the first paper of Cuvler, read before the lostitut National, of 
France, the 1st pluvlose an it of the Republic, and published in 1800, In 
which he spoke for the Orst time of the eiistence of an entire fauna, 
anterior to the existing one, stratigraphy was begun In earnest round 
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Paris by Cuvier liiniBelf, awoctated with Alezander Brongniart. In bis 
autobiography, Cuvier gays, "From 1604 to 1608, the singolarlty of the 
animals, of which I have dlBCover«d the bones at Hontmartie, made me 
desire to know with more details the geology of the environs of Paris. 
Ky friend Brongniart Joinedme In this work. I discovered [after mui7 
combinations and comparisoas of sections of quarries and butts] the uni- 
formity of our strata; and it was I who discovered also, in the forest of 
Fontalnebleau, the immeDse layers of fresh water deposits Intercalated 
between mariae beds. We published the r^sum^ of our researches In 
the spring of IBOe." The title of that important memoir Is: Buai tur 
la gSographis miniralogique dsM snoiront dt Parii. 

A contemporary and the suthor oF the first geological map of France, 
the celebrated geologist, d'Omalius d'Hsiloy, says of this work: "As 
regards geology, It is the moat important of the century, because it con- 
tains the first record of the revolution which has created the present stat- 
utes of that science; that is to say, It first applied paleontology to the 
study of the crust of the earth." 

lu 1810 Alexander Brongniart and Cuvier published a second and 
most important edition of their memoir, la which is found, for the first 
time, lista of fossil remains special to each bed or group of strata. 

William Smith, after many years of researches, published, in Junei 
I81S, his masterly work for English geology of; Strata Idmtijted by Or- 
ganiatd Foitili; followed next year by: Stratigrap/iieal Syttem of Orgaa- 
iaedfottiU — K^laining their vte in idtntifying the BrititK ilraUi. strata 
Smith, as he was nickuamed by his contemporaries In Sagland, seems to 
have discovered, as far back as 179S, that each stratum was characterized 
by special fossil remains; and there is no doubt, that in 1799, be wrote a 
tabular view showing the onUr of th« ttrata and their iiafiedded organic 
remaim in the vicinity ef Bath. Unfortunately it remained unpublished 
until hie nephew, John Phillips, published hlaMenuirt of William Smith 
in 1844; so It cannot be used In a question of priority. 

At that time England and France were involved In constant wars, and 
Cuvler, Brongniart and Smith made their discoveries, completely in ig- 
norance of one another's works and researches. Smith, in his 4to volume 
of 18 IT, quotes at p. iv of the introductlon,amongtheworksthat hehss 
consulted: Cuvier — OeograpKie MiiUralogiqxu da environ* de Parii; but 
maintained that "The first written account of this discovery was circu- 
lated in 1799." 

But if the discovery was simultaneous In England and in France, its 
great value and full Importance was shown through Cuvier and Bron^- 
art'e published works on Cony^ratiw Anatomy; SerMrehet tar let otl»- 
nenttfottilet, and the giograpKie mi/ieralogique det eauiroai d£» Parit, from 
1800 to 1812; years before any of Wtiilam Smith's publications. 

Until 1819 nothing was attempted in the way of synchronlem and as- 
similation o( formations of strata at great distances, in using fossil re- 
mains only; when Alexander Brongniart read a report before the Acad- 
emy of Science, showing remarkable similarity In each formation or 
terrain "dans ies pays les plus ^loign^s, sous les latitudes et sous les 
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n^rldlens lea plus diff^reiitee." But, &8 he saya, It was only b flret draft, 
too imperfect for publication; and It was only Id 1821 that he pubtiabed 
Id the AnnaUt det Mine*, bis masterly paper: Surlet earaettrei toologiquH 
dm fimnationt. From that day, Oamparatite pal«ontologg was founded; 
and the flnt application of the principles and methods developed in the 
memoir naa on the celebrated fossil localities of the "Montague dea 
Plz valine de Setvoi," 8»voie, at the foot of the Mont Blanc, and "La 
Teste du RbOne," near OeaoTa, where Brongnlart recognized by the fos. 
■II rem^na the Identity of theae formations with the Olauconie craytuu 
of Paris baain and the Qa«U and OrMn Sand of England. 

I have enjoyed the privilege of knowing personally and meeting often 
Alexander Brongnlart during the two last years of his life, In 1646 and 
1847. He kept all hU enthiialaam for paralleliam and aynchroniam of 
formations at great distances by nieane of fossil remains, and followed 
with close attention all the work done in that direction by the younger 
l^neratf on of geologists, who then began to be divided into two brtwcbes, 
Ibe geologist witliout any other quallflcation and the stratlgraphic pale- 
ontologist. Brongnlart saw the exaggeration of some In too great gener- 
alization of hie principles, and was adverse to It, Alclde d'Orblgny 
more specially frightened him with bis great number of successive cre- 
ations of faunas; and I mUat add that be was far from accepting the many 
great unlveraal cataclysms Inaiated upon by Elle de Beaumont. Brong- 
nlart was more in harmony with the views of Deahayes. who truly estab- 
Usbed the three great divisions of the Tertiary strata, according to the 
fkunas, In working out his great and most Important publication: De- 
teriplion dt* eoquiliei/ouiU* det eneiront de ParU, 1884-Sl. 

Lyell did not work out the Tertiary fOBsils, he only used Deshayea' 
reaearcbes and applied to the result arrived at a good nomenclature, 
calling the Tertiary formatlona : Eocene, Miocene and Pliocene. When 
Lyell came to Paris, in 1823, be knew next to nothing of the Tertiary 
Rtnta, and it waa there and then that Constant Provost showed him all 
the divisions and claaalflcatlon, by great groupa, and bed by bed, as they 
have been established by the joint efforts and diacoverles of Cuvter, 
Brongotart, Desbayesand Pr£vost himself. 

There Is no doubt that the school of paleontologists, which contained 
nich great observers as de Bucb, Agasslz, d'Obigny, Quenstedt, etc., did 
go too far In their generalization. Desbayesneveraccepted their extreme 
Ideas, and always maintained passage of forms and even sometimes of 
■peclea from one formation to another. 

I sball not refer to many points of geographical zoology and evolution 
of forms, more or less appreciated in professor Williams* paper, but shall 
only say that speaking of "The scope of paleontology and Its value to 
geologists" without quoting the magniflcent and grand discoveries and 
papers of Barraude, aeems a very eiitraordinary forgetf ulneas, and equally 
■0 la a complete absence of reference to the discoverer of the method and 
principle, Alexander Brongnlart, Even reference to the works of those 
who have made uae,witb great success, of Brongniart's methods In.Amer- 
Ica, ia very Incomplete and partial, for aome of the flnt and best inveatl- 
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gmtoraofthe UDltedStataB,BB: Dr. Bftmuel Morton, Vaauxem, Conrad, 
EmmoDB and Leidy, are entiielj paaaed over, in Mr. WillUms' address. 

The uee of paleontology for assimilation, BjnchronUm nod cUusifica- 
tton In geology, requires special talent, good Judgment and an amount of 
practical kouwledge which are seldom combined In one man; and this 
explains wliy so many observers (ait to give good correlation and exact 
classification, notwithstanding their long and patient researches in pale- 
ontology. JuLsa Harcod. 

Camiridgt, U<m^ St^t. 22, 1892. 



PERSONAL AND SCIENTIFIC NEWS. 

The Sixth Intebnational Conokesb of Geolooists is to be 
held at Zarich in August, 1394. A preliminary circular, signed 
by professors Eenevier, Heim and Go 11 iez, has already been issued, 
together with a brief ProceB-veriMil of the meeting held on the 
3d of August, 1891, at Salzburg, which was concemed with cer- 
tain European maps. Considering the nature of their country- the 
Swbs geologists tire arranging two kinds of exisursions, some 
across the Jura and the Alps for "those accustomed to long 
walks" and others for the less sturdy, during which steamboats, 
railways and other conveniences will be utilized. Full particnlars 
will be furnished later. The meetings will be held at Zurich, bnt 
the excursionists will reassemble at Lugano for the final meeting 
ot the session. 

The Annoal Report of the Lausanne Natueal Histori" 
Museum, of which Prof. Renevier is keeper, shows the important 
accession of a lai^e collection of Triassic fossils made by the pro- 
fessor himself at Hallstadt. Prof. Renevier, as may be seen 
above, is one of the committee on the next International Congress 
of Geologists. 

The propessobship of GEOLoaY- and Minebaloot, at Bbes- 
LAU, left vacant by the death of the late professor F. A. Boemer, 
will be divided. The Professor Ordinarius will occupy the chair 
of Petrology and the Professor Kxtraordinarius will have charge 
of the department of paleontology. It is considered probable 
that Dr. Fritz Freeh of Halle, one of the leaders of the younger 
school of German geologists, will receive the latter. Dr. Freeh 
is well known as the monographer of the Triassic Corals and as a 
writer on past zoological distribution. 

Mb. F. a. Bather contributes a paper to the last report of 
the "Museums Association' on the fossil crinoids in the British 
Museum, in which he describes his attempt to put into practice 
modern ideas of museum arrangement. He accepts as his rule 
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the Americaa maxim that a museum is a collectiou of labels illus- 
trated b; specimens. The paper eoosiats mainly of a reprint of 
the thoughtfully prepared labels which he has attached to his col- 
lection and will serve as an admirable model for educational 



A SPECIAL &00H 80 FEET BY 40, to be termed the -'Barran- 
deum" has been appropriated in the New Royal Bohemian Museum 
for the eThibition of the collectiou of fossils made by the late 
Dr. J. Barrande, illustrating his "Syst<ime Silurien de la Bo- 
hime;" and we learn that the "Barninde Fund'' founded bj' Dr. 
Anton Fritech for the further encouragement of the work that 
ceased at Barrande's death, bos now r«ache<) the sum of 10,000 
florins. The interest on this fund, which has been raised by 
voluntarj- contributions, will be available next year for the endow- 
ment of research in the Silurian formation in Bohemia, and it is 
hoped that some paleontologist will l>e thereby induced to study 
the smaller organisms of the system. 

The Texas State Gehloojcal Survey has rbcestly added 
to its working force, as chemist, Dr. \V. H. Melville, who has 
been for ten years connected with the United States geological 
8Ur\-ey; and, in the department of paleontology, Mr. G. D, Har- 
ris, late assistant in Tertiarj- invertebrate paleontology on the 
same survey. Prof. Cragin's engagement with the Texas survey 
has recently been extended to February, 1893, his work including 
chiefly vertebrate and Cretaceous invertebrate paleontology. 

Dk. Ueoroe a. Kcemo, of the University of Pennsylvania, has 
been appointed professor of chemistry at the Michigan Minmg 
school, Houghton. 

The Next Annual Meetino of the A. A. A. S. will be held 
in August, 1893, at Madison, Wis. Prof. William Harkness, of 
Washington, D. C , was elected president, Prof. F. W, Putnam, 
of Cambridge, Mass,, permanent secretary; T. H. Norton, of Cin- 
cinnati, general secretary, and H, L. Fairchild, of Rochester, 
secretary of the council. It was announced that an anthropo- 
logical congress would be held at the Columbian Exjxisition dur- 
ing the week following the next annual meeting of the A. A. A. - 
S., with representatives of every American tribe, from Terra del 
Fuego to the Esquimaux of the Arctic zone. As an outgrowth of 
this congress, it is meant to found a museum of ethnology at Chi- 
cago, materials for which are now being collected by the ship 
load in Yucatan, Ecuador, Peru, Chile and elsewhere. A com- 
mittee was appointed to secure rooms for the various sections of 
the A. A. A. S. to be used as headquarters during the entire pe- 
riod of the exposition, each room to be in the building the con- 
tents of which are most closely allied to the branch of science 
represented. 

Charles S. Prosser, late of the National Museom, Wash- 
ington, has been elected to the professorship of natural history 
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in Washburn College, Topeka, Kna., left vacant by Prof. Cragin.- 
The work of the chair wili be developed principally along the line 
of geology, and vrill embrace an examination of the Btratigraphy 
and paleontology of the Upper Carbon ifcroua about Topeka, ex- 
tending finally over a considerable part of eastern Kansas. 

Tub Peerless Coal Co-mpasy, of Dallar, Texas, has pur- 
chased the Calvert Bluff lignite, or brown coal, deposits, near Cal- 
vert, Texas, and will l)egin the briquetting of brown coal immedi- 
ately. This is one of the direct and practical results from the 
investigation, by state geologist Dumble, of European methods 
of the utilization of brown coal,and from his attempts to initiate 
such utilization of brown coals in America. The term -'lignite," 
as generally used in this country, is erroneouslj' applied, most of 
the varieties of coal so called being either brown coals, pitch coals, 
or glance coals; the terra ISgidtc being properly applicable to the 
charcoal-like varieties which retain mort' or less perfectly the 
woody structure. 

The Age op the Kozoon. "It is well to note here that if the 
Eozoon is really animal in origin, the 'Laurentian' rocks of 
Canada, in which it occurs, must be Huronian, or the later of 
Archiean terranes. "' J. D. Dana, .Imir. J<inr. Sci., June. 1892, 
p. J,6J. 

Another old octlet of Lake Hcron. In Tki Naiimi for 
September 22, Prof. G. F. Wright descriljes an old channel 
which connects lake Nipissing with Trout lake. The former is 
tributary to lake Huron, about 70 feet lower, by way of French 
river, and the latter flows by way of the Mattawan river into the 
Ottawa river. A subsidence amounting to only a trifle more than 
a hundred feet, would turn the current from lake Huron throngh 
lake Nipiseing into the Mattawan and thence into the Ottawa, 
thus robbing Niagara of most of its glory. The subsidence 
which came with the close of the Glacial epoch was more than 
ample to produce this change, and the great lakes seem to have 
had dischai^e there for thousands of years before they acquired 
that by way of Niagara. This discovery confirms, in the opinion 
of Prof. Wright, the surmise of Mr. G. K. Gilbert, who reason- 
ing from a known differential northerly subsidence had suggested 
some time ago that the great lakes may formerly have had a dis- 
charge by way of the Ottawa river. The duration of this dis- 
charge must be added to the usually accepted length of post- 
glacial time, so far as it is based on a compntation of the reces- 
sion of Niagara falls, since the Niagara recession mnst have be- 
gun after this channel was closed. 
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NEW LOWER SILURIAN OSTRACODA, NO. I. 

By E. 0. T'LRiCH, Newport, Kj. 

Plate IX. 

Tbis ie the first of a aeries of papera upon th«Bu fossils that T 
Lope to issue in the near future. !Kach part will be accompanied 
liy at least one plate, ,ftu(i the rate of publication will depen<l very 
largely upon the leisure time at my disposal. 

My aim is to advance the subject to a point where it will be pos- 
sible to treat it monograph ically. The first essential for that 
coi^dition is, obviously, a knowledge as complete as possible of 
the forms to be worked upon and classified. I propose, therefore, 
to publish descriptions and figures of all the new forms now in 
my hands, with occasional notes u|)On previously known species. 
I may add that these papers are to be regarded as in a great 
measure preliminary. Many of the species, all of those occurring 
in the Nortwestern states, will be reworked, I trust, more fully, 
and republished in Vol. ut of the final reports of the Geological 
and Natural History Survey of Minnesota. 

The systematic class ificat ion of these, mostly minute, paleozoic 
fossils, is attended with unusual dilliculties. This fact must be- 
come apparent to anyone taking the troul>lc to enter into critical 
comparisons between the Jtritisli, German and American works on 
the subject. It is not that a particular style of treatment pertains 
to each of these natious. No, no. It is, rather, that the num- 
Imt of styles ia limited only by the number of authors. The 



iyGoo<^lc 



264 The American Geol^iat, HoTcmter, mm 

greatast trouble seems always to have been experienced in draw- 
ing the lines between the various genera constituting the la^ 
family Leperditiidix, some authors claiming the existence of a 
complete chain of links connecting the simplest Primi(ia-aye, 
even Leperditia — with the most complex types of Beyrickia and 
Strepula. Now, while this is probably true, it seems to me that 
bat too often these chains contain closely approximated links that 
in reality Illustrate mere resemblances rather than genetic relation- 
ship. 

It is the determination of the genealogical affinities that is tlie 
prime necessity in building up a permanent classification. With 
nothing but the shells to guide us, can we hope to reach satisfac- 
tory conclusions respecting the paleozoic, especially the lower 
paleozoic, Ostracoda? We can try. 

In the accompanying plate several forms are illustrated of 
which it is really difficult to decide whether they should be called 
species or varieties. One thing, however, seems to be certain, 
and that is that, within reasonable limitations, each form is con- 
stant and, therefore, distinguishable from the others. That they 
represent recognizable stages in the developmental history of the 
Leperditiidtt is all that I claim, it being quite immaterial to me 
what rank in classification the proposed names may ultimately 
hold. 

Leperditia tamlda, n. sp. 
Plate ix, Fios. 1 to 3. 

Length of a large right valve, 2.6 mm.; bight, 1.82 mm.; thlckueu, 
0.75 mm. 

Valves ovate, rather short, the posterior end much the widest, 
tumid, the convexity of the surface, except for a slight flattening 
and lengthening of the dorsal and anterior slopes, nearly 
uniform. Surface obscurely punctate, otherwise smooth, there 
being no external signs of either the eye-tubercle or muscle spot. 

This species compares with L. nana Jones, abont as closely as 
with any other Lower Silurian form de8cril>ed, but being without 
an eye-tnt)ercle and of more rounded shape, it is readily distin- 
guished. The Carboniferous species L. okt-ni Muoster, L. car- 
honaria Hall, and others of that type, agree very closely in nearly 
every respect. All these species differ from typical Leperditia 
in the method of closing the valves, the latter having them merely 
to overlap, while in the species under consideration the ventral 
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edge of the right valve fits into a groove in the edge of the left. 
(See Figa, 7 and 12 of plate ix.) 

Formatten and loeaUty: ThU Bpecles ti very abundant (aBaociated 
with Biyozoa) in the ihalj part of the Birdeeje Umastona at High Bridge, 
Keotacliy. These kyera are here nearly on a level with the bridge. The 
species also occun at Frankfort, In the Mme beda. 

Leperditia mundula, n. sp. 

Plate ix, Fiaa. 4 to 8. 

Length of en ire earapace,2.6mni.; hlgbt, 1.64 mm.; thlckneBi, 1.4 mm. 

Thia apeciea differa from L. tumida in being lees high, causing 
theontline to be more elongate. In an end view the convexity 
of the valves is also more nniform. A verj- faintly defined ovate 
area is distingnishable, by depression of the surrounding sarfsce, 
jnat a trifle in front of the center of the dorsal slope. 

Formation and loeality: Tbla form occurred in considerable number 
in a small package of soft shale obtained from the Birdseye (? Cbizy). 
UmestoDe, near the bottom of the Kentucky river gorge at High Bridge, 
Ky. This bed, which furnished also L. aquilat»ra and L. gtrnuma, is at 
lean two hundred and sixty feet beneath the L. tumida horizon. 

Leperdltia squllatera, n. ap. 

Plati IX, Figs. 9 to 11. 

Length of entire carapace, 1.7 mm.; hight, 1.08 mm.; thickness. 0.8 mm. 

Carapace rather elongate, with the enda rounded, sub-equal, 
the back straight, the ventral edge gently convex and nearly par- 
allel with the doraal. Surface of valves smooth, almoat uniformly 
convex, there being only a very slight and quite undefined mesial 
depression in the dorsal slope. 

DistiDguished from L, mundula in having the enda of nearly 
equal size and curvature, and the outline in a ventral view more 
uniformly convex, so that the point of greatest thickness is very 
near the middle of the valvea. 

Fotmntion and loaditj/: Same as the last. About forty specimens. 

Leperdltia Inflata, n. ep. 

Platj; IX, Figs, 12 to 15. 

Length of average left valve, 1.9 mm.; hight, 1.23 mm.; thickness, 
0.64 mm. 

Valves ventricose, the outline usually very much as in L. cequi- 
latera, only the posterior end is somewhat wider and inflated, so 
that this half of the dorsal region projects more or less l>eyoQd or 
above the hinge line. The postero-dorsal angle, also, is more 
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proDOODced. Groove in ventral edge of left valve sharply defined. 
Sorface with a broad, undefined mesial depression in the dorBal 
slope. This depression is as mach stronger than the one \a L. 
lequilttUra as it is weaker than the one in L. tHteala. 

Formatien iiiul looititj/: Same u the Isst One bnndred specimena, or 

Leperditla (rei'mana, a. sp. 
Pl.*te IX, Figs. 16 to 18. 

Length of averag-* left ralve, 3.17 mm.; hfght, 1.4 mm.; greatest tbick- 
aeen, 0.«7 mm. 

This form is very closely related to L. mnttdula — perhaps it ia 
merely a local variety of that species. It differs in having the 
ends more equal, the surface more convex in the dorsal half, and 
in having a very narrow rim or marginal channel, visible in a side 
view only, at the ends. Again, instead of a slight elevation snr- 
ronnde<l by correspondingly gentle depressions, we have in L. 
^eriii'ina only a sulcus. This is about as strong as the one in 
L. injlata, which specics the present form resembles rather closely 
also in the ontline. The basal line, however, ia usually more con- 
vex and with the most prominent point nearer the center. But 
the most important difference lies in the lesser inflation of the 
posterior half of the dorsal region. (Compare Figs. 14 and 17, 

PI. IX.) 

Formation and Uenlity: Associated with Sehmidlelta croMimarginala 
I'lrich, at Mineral Point, Wisconsin, where it occurs abundantly in some 
of the tliin layers of the Birdseje or "Lower Blue" limestone. 

Leperditla sulcata, n. sp., and var.TetltrlC01>llls,n.var. 
Plate ix, Fios. 19 to 23. 

Length of an average right valve, 2.1 mm.; hlgbt, 1.88 mm.; thickness, 
in anterior half, 0.48 mm., in posterior half. 0.S8 mm. 

Valves sub-ovat«, ends nearly equal, the posterior a little the 
widest; back straight for about three-fifths of the entire length; 
ventral edge gently convex, the moat prominent part a little ije- 
hind the center. Surface rising abruptly from all the edges ex- 
cept the dorsal which ia occupied by the expanded terminus of a 
broad sulcus which, though shallow and of undefined limits, is, 
nevertheless, always a conspicuous feature of the valves. In a 
ventral view tlic profile is highest a short distance within the ends, 
while the central portion is at least straight and in most cases 
decidedly concave. Closure of valves as in L. !n_fiala. 

This form may he reganleil by some authors as nearer PrimUia 
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than Leperiiitia, but I have satisfied myself fully that it, like the 
following species (L. dorticornii), is on extreme development of 
the type began in tbe stock that produced the L. ceqailaltra, in- 
fiata, and germana of this paper. From these species it is suf- 
ficiently distiDguished by the more abrupt end and ventral 
slopes, and tbe greater development of tbe sulcus. 

Of the form that 1 propose, provisionally, to name as var. 
ventricoruit I have seen only the rigbt valve illustrated. So far 
as I can see, tbe only difference between it and the typical form 
of the species is found in tbe obtuse and retrorsely directed 
ventrnl prominence. 

Formation and loaility: AsBOcIaMd wltb, but leas abundant than, L. 
tutnidii. In tbe Blrdsaye limestone at High Bridge, &'/, 

Leperditia (? Primltia) dorslcornis, n. sp. 
Plate ix, Fios. 24 to 26. 

Length of a right valve, 1.73 mm.; bight, 1.1 mm.; greatest thickneu 
(center of posterior half) 0.51 mm 

Valves subelliptical, slightly oblique, the ends subequal, the 
back straight nearly to tbe posteriorextremity; tbe latter is gently 
convex and almost vertical in the upper two-thirds, while in tbe 
lower tiiird the outline merges rapidly into the uniformly convex 
basal margin; anterior end uniformly curved. Surface much the 
highest in tbe posterior balf, with a part prolonged doreally into 
a short and obtusely pointed prominence that bends down close 
to the hinge line and projects somewhat Ijeyond it. This promi- 
nence gives definition to the posterior side of a distinct sulcus, 
extending almost balf across the valve from the central part of 
the dorsal edge, and forward along the latter. 

This species ought, perhaps, to be called a Frimitia but for the 
reason given under L. gnlcain I have chosen to designate it as 
above. Of the species believed to belong to tbe same line of de- 
velopment, L. injtaia seems to be the nearest. They are, however, 
readily distinguished by the concentration of the dorsal promi- 
nence and the greater definition of the sulcus in L. dortifurnif. 

Formation and loeality: The only spectmen seen wms found in the 
Hudson River rocks at Savannah, Hlinols. 

Leperditia grrfinilablata, n. sp. 

Plate ix, Figs. 31 to 'i'A. 
Length, ot right valve, 2.1 mm.; bight 1.52 mm.; greatest thickneM 
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Valves broadly subelliptical, ecarcely obliqne,the ends strongly 
rounded, nearly equal, the ventral m&rgin uniformly and more 
than QHually convex. Free edgea, except in the cardinal regions, 
set with small but prominent papillte. Surface minutely punctate, 
Tentricoae in the lower half, flattened in the upper; with point of 
greatest convexity much beneath the middle. A faint smootii 
(nonpunctate) spot occurs just in front and above the center. 

This species might with others described in this paper be placed 
with Aparchitei, Jones, but there is something so peculiar about 
Prof. Jones' type of the genus and one or two undoubtedly con- 
generic species, that I hesitate to enlarge the limits of the .genus 
beyond them. 

Farmntioa and loeaiity: Rare Id the upper part uf the Trenton shales 
(Phylloporina beds) at Be. PanI, Minn. 

Leperditla millepunetata, n. sp. 
Plate ix, Fiaa. 37 to 39, 

Length, ofa right valve, 1.57 mm.; hlghc l.U mm.; graateat thick dm* 
0.4-^ mm. 

This species is verj' similar to L. irquilatera of this paper, but 
I have no doubt of their specific dietinctnese. There is a sli^t 
channel and rim about the free edgea wanting in that species, 
while the surface also is very finely punctate, and more nni- 
fonnly convex, the profiles of the two forms being different The 
present species again is a little higher. 

It is possible that this species should be placed with hochHiaa ' 
rather than Lep«r<litia,hut as near as can be determined from the 
material at hand it appears that the valves overlap slightly, the 
left over the right, along the ventral border, 

F'rrmaliomtitd loeility: Trenton shales, one mile east uf Fountain, 
Hare. 



Leperditia ftmbrlata, n. sp. 
Plate ix, Fias. 34 to 36. 

Length, of a right valve, (excluding spines) 1.88 mm.; hlght 1.28 mm.; 
thickof BS 0.44 mm. Length of dOTsal edge 1.2 mm. 

Valves suboval, moderately and almost uniformly convex, the 
ends nearly equally rounded, the posterior a little the wider. 
Extremities of dorsal edge angular, the posterior somewhat prom- 
inent. Point of greatest convexity slightly below the center. 
The entire ventral border and the ends, excepting the upper third 
on each side, with a fringe consisting of long, almost paliform, 
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processes. At the ends the iaterrslB between these processes is 
about 0.1 mm., but in the central part of the ventral edge they 
are shorter, and the projections themselves probably not so long. 

The peculiar fringe distinguishes this species from all the others 
DOW referred to Leperditia, 

Formation and loeatity: O11I7 one valve of this specie* ii known. It 
was collected by the author In the upper beda of the Cincinnati or Hud- 
son River groap, near Spring: Vall^, Hinnesota. 

Sflhmldtella, n. gen. 

Carapace small, rounded, moderately convex. Valves inflated 
in the dorsal region so that this part projects shoulder- like over 
and out from the nearly straight hinge line. Right valve slightly 
the larger, its ventral edge overlapping tbat of the left. No 
sulcus nor tubercles. 

Type: Schmidletla crattimargiaata, n. sp. 

I am somewhat in doubt respecting the systematic position of 
this genus, but provisionally would place it near Aparchitet, 
Jones, among the Leperditiidie. Nor am I satisfied that the de- 
scription should not be modified so as to include several smaller, 
as yet undescribed, species which agree in all other respects except 
in having an obscure subcentral impression. 

The name is given in recognition of the valuable services 
rendered to Silurian paleontology by J>r. F. Schmidt, of St. 
Petersburg, Russia. 

Schmldtella crassimare^nata, n. ap. 
Plate IX, Figs. 27 to 30. 

Length, of an average right valve, 1.2C mm.; bight 1.0 mm.; greatest 
thlckoesB 0.4 mm. 

Valvea broad-oval, very slightly oblique, the ends almo^tt equal, 
the lower half with the ventral margin curved to form somewhat 
less than a semicircle. Dorsal region flattened, slightly convex in 
aside view, rising very abruptly from and projecting slightly over 
the nearly straight hinge line. Point of greatest convexity above 
the center. An undefined but rather conspicuous broad furrow 
around the ends and ventral margin, least distinct posteriorly, 
produces the thick border that has suggested the specific 
name. 

The obscurely defined, heavy and wide margin, and the fiat 
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dorsum are peculiarities that will dietingnish this species at once 
from all described Bilnrian Oatr&ooda. 

Formatitm. aitd loaditji: Veiy abnndaDt on thin slaba of "Lower Bine" 
or Birdieje llmeftone oollected at Hlnotml Point, Wliconrin. 



EXPLANATION OP PLATE IX. 
Hgs. 1 to S, Leprbditia tukida, o. sp. p. 3M. 
1. Right valve, of the uaual form, x 10; % posterior, wai S, dorsal view 
of game, in outline. 

Pigs. 4 to 8, Lbfbrditia kdkddla, n. sp. p. 86S. 
4. Left aide ot eatire carapace, X tO; 5, ventral, fl, anterior view of same 
ta outline. 

7. Interior of a left valv, x 10, showing groove into which the ventral 
edge of the right valve Is inserted when the valves are closed. 

8. Diagrammatic sectional view of the ventral portion of the carapace. 

Figs, 9 to 11, Lepbkditia aquilatkba, n. sp. p. 26!!. 
ft. Right side, 10, anterior,and ll,veDtralTiewof uientlrecarapace,XlO. 

Pigs 12 to 15, Lrpkbditia inplata, n. sp. p. 266. 
12. Interiorof full grown leftvalve; IS, dorsal view of same, X 10. 

14. Outline ant«rior view of closed carapace. 

15. A smaller left valve, approaching L. oqullattTa In outline, X 10 

Pigs. IS to 18, LEFSRDrriA okrkaha, n. sp. p. 266. 
16, 17 and 18. Three outline views, side, anterior and ventral, of a left 
valve of this species from Mineral Point, Wis., X 10. 

Pigs. 19 to 31, Lepkrditia buixtata, n. Hp. p. 266. 
1ft, 30 and 21. A right valve, X 10, witb outline anterior and Tentral 

views of same. 
Figs. 33 and 33, Lepkkditia bolcata, var. vkntucoriiis, n. var p. 366. 
22. A left valve, X 10; 23, outline of aame in a ventral view. 

Pigs. 34 to 36, LEPBBDITtA (f PHrUtTIA) DORBICOBNIS, D. Sp. p. 26T. 

34 A left valve, X 10; 35 and 36, outlines of same in anterior and ven- 
tral viewB. 

FigB. 27 to 80, SCHMIDTBLLA CRABSIMABGIHATA, O. gSD. St Bp. p. 36ft. 

27. Interior of right valve, X 10; 28, exterior of another right valve, 
equally magnified; 3ft and 30, anterior and ventral views. 

Pigs. SI to 83, Leperditia gbahilabiata, n. sp. p. 367. 
81, 32 and 38. Three outline views, aide, posterior and ventral, of a right 
valve, X 15. The punctee of a small part of the surface are shown in 
81. 

Figs. 34 to 36, Lepkkditia fimbriata, n. sp. p. 368. 
Three ootllne vluwe of a right valve, X 15. 

Figs. 37 to S9, Leperditia HrLLBPUKCTATA, n. sp. p. 268. 
Three outline views, and a small portion of the punctate surface, of a 
right valve, x IB. 
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TWO NEW LOWER SILURIAN SPECIES OF LICHAS 
(SUBGENUS HOPLOL1CHAS). 

By E, O. Ulhich, Newport, Kji. 

Llchas (Hoploliehas) robblnsi, n. sp. 



Pig. 1. II, Imperfect glabella of the natural size; b. profile ot same. 
Specimen wanting the tree cheeks and defective at the inner edge and 
at the center of the occipital ring. 

Glabella, including frontal prolongation, with the length equal- 
ling one and one-half times the greateat width. Without the 
frontal process the width is greater than the length. Frontal 
lobe very gentlj convex and with parallel margins in the posterior 
half, then expanding, the anterior half growB tumid and finally is 
prodaced forward into a single Btrong baculate process. Lateral 
lobes undivided, with mai^ins almost parallel, the width and length 
about as one is to two and one-half, very little convex except in 
front where they bend outward and downward to the frontal mar- 
gin. Furrows between the central and lateral lobes very narrow; 
likewise the occipital furrow. Occipital ring rather narrow at the 
ends, nearly twice as wide in the middle where it probably sup- 
ported one or two central spines. Facial sutures apparently 
normal. Fixed cheeks of the form shown in the drawings, slightly 
depressed and with a linear curved impression immediately behind 
the eyes. Surface covered with papillte just visible to the nake<) 
eye. At intervals of one or two ram. there is a latter one. Free 
cheeks, eyes and thorax not observed. 

Since these two species, excepting the doubtful L, hylam Hall, 
are the first to l>e descriljed from American rocks having the 
characters of the subgenus Iliiplulichiit, Dames, they are not likely 
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to l}e confounded with any of our known species of Lichai. Nose 
of the European forms known to me &re very closely related. 

The specific name is given in honor of Dr. C. H. Robbins,of Wykoff, 

Minnesota, an indefatigable collector and student of the fossils of 

the Lower Silurian localities in southern Minnesota. The (italena 

. limestones especially, have been made to furnish an abundance of 

their rich stores of iotoresting forms through his endeavors. 

Formation and lotatity: In the middle beds of the Oalena (Trenton) 
limeBtone near WykoO, Minnesota. 

Liohas (Hoplollehas) bloornis, n.8p. 



Fig. i. a, imperfect cephalic ehietd, natural size; b, profile of same. 
In this species the form of the lobes of the glabella (excluding 
the frontal prolongations), the fixed cheeks and the occipital ring 
are so much like these part« of the preceding species that it is 
not necessar}' to describe them. I shall therefore merely point out 
the most striking differences between the two species. 

In the first place the anterior part of the central lobe of the 
glal>c]la is not drawn out into a single baculate prolongation, but 
supports two much smaller diverging horn-like processes, each 
1,5 mm. in diamel«r and probably less than 10 mm. in length. 
The dorsal surfaces of the three longitudinal loYma of the glabella 
are more convex transversely, and the lateral ones a little more 
elongate (tbe length is scan«ly greater than twice the width). 
Finally there is a slight difference in the papillose marking of the 
test, the large set of papillte being more prominent in L. bicornit. 

The two frontal horn-like processes will distinguish this species 
at once from all known American species of Lichat. 

Furmation ani loealitg: Upper beds of the Cincinnati group near 
Spring Valley, Minnesota. 
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THE PLATYCERAS CROUP OF PALEOZOIC CAS- 
TE ROPOD8. 

Br ClUBLIB ROLUH KlTlB, 1>M MolnM, 

lb has been sbown recently* that there are no good groande for 
■eparating, generically, the recent formB of Capnina from the more 
typical Platycerata. Even if it were desirable to diatinguisb be- 
tween the modem and ancient sections, Conrad's familiar title 
oonld not stand. For, aside from being synonymous with Mont- 
fort's genus, Platyceras had been preoccupied as a generic term 
for more than three-quarteTs of a century. The name was used 
by Geoffrey t as early as 1746, for a genus of Coleoptera; and a^in 
by Latreillet in 1796. Nor can (Eblert'ai recent revival of Phil- 
lip's Acroculia be sustained, since the typical species are also true 
C^tnli. 

Besides the two genera already mentioned, the shells of this 
group have been variously assigned to Pileopsis of Lamarck,11 
Actitaof Fisher von Waldheim,** Acroculia of Phillipsjtt Orthon- 
ycbia of Hall, tt and some others. The relative merits of these 
names, as generic titles, have been fully discussed elsewhere. Jj 

There has long been considerable difficulty in attempting to 
separate certain members of the group in question, on the one 
hand from some forms of Plntystoma, especially from those spe- 
cies in which there is a greater or less tendency for the shells to 
nncoil; and, on the other band, from various genera of patelloid 
shells. As might be expected in a group of gasteropods present- 
ing so few constant characters, which can be satisfactorily relied 
flpon as class! flea tor}' criteria, it is often almost impossible to 
clearly distinguish between certain of these species. Many struc- 
tural features heretofore considered important in identification 
have been shown, recently, to possess ^'ery little, if any, specific 
value, owing to their great variability. It therefore l}ecomes nec- 
•Bsar)' to regard as of the utmost significance the basing of species 

♦American Geologibt, Vol. vi, p, 6. 

tHIet abr^g^e dee loeecteB, (1764). 

jPrfclB des charact^res dee laaectes, (1796). 

gBul. Soc. Gtol., Fraace, (»), t. xi, p. 602. 

^Anim. sans Vertebr., t. vr, p. 16. (1823.) 

**Meni, Boc. Imp. Nat. MoBCau, t. vi, p. 884. (1828.) 

tfPal. FOBB. Cornwall, p. 63. (1840.) 

tJBep. «h DlBt , New York, p. 172. (1948.) 

S§Proc. Acad. Nat. 8cl., Ptiila,, p. 150-181. (1880.) 
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apon geaoral resemblaDcee rather thau upon UDlmportaat, Tuient 
characterB arisiug from diverse couditiona of enTiroament imposed 
by a more or less extensive geographic distribution. Thas, in 
cbooeing for classification purposes thecliaracters-of any group, 
il is evident that only those featnres exhibiting the least teadency 
to modification are available. Even the most constant etnictaiee 
appear to lose much of their stability at some period during the 
existence of the gronp— whether specific-, generic or family; while 
Other characters, more or leas varient in the early stages of 
development, later become less liable to change. At some time 
or other those features blend and tfans arise tbe transitional forms. 

It may be assumed then, that in many groups of tbe same 
genetic origin some varieties will present featuTes that have 
remained for a long time practically anmodifled; while otbeis ex- 
hibit the same characters in a highly specialized, bnt ever chang- 
ing, condition. And it is of great interest 1o note in this 
connection that the latter— those having greatly exaggerated teat- 
urea — are the forms whose existence is of conparatively short 
duration; and that with these intensified stmctores the develop- 
ment is rather rapid, while their culmination is soon followed by 
a great diminution of the group's vitality, or more commonly its 
extinction. 

Under Conrad's generic name upwards of three hundred species 
of gasteropods have been proposed. In such a group of shells 
having so few salient characters for classification and a great range 
of variation, it is not hard to foresee some of the difllcnlties to be 
encountered in attempting to arrange satisfactorily tbe many dif- 
ferent forms. The placing of Platyceras, Orthonychia, etc., as 
sub-genera under Cap ulus, as has been done by Zittel* and othera, 
manifestly does not meet the requirements, especiaJly as regards 
the American members. Moreover, tbe group has been made to 
embrace a great variety of species, some of which are clearly not 
at all clo!*ely related genetically. Of these a few forms bave been 
referred lately to the places to which they more properly belong. 
B\it there are still a considerable number of these shells which are 
evidently not members of the group, yet whose generic affinities 
cannot be determined at present, with exactness. 

In the recently issued synopsist of the Calyptraeidee 'occurring 

•Handb. der Pal., ii Band, p. 216. 

tProc. Acad. Nat. So)., Pblla., pp. 150-181. (IBM.} 
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in tbe upper Paleozoic of America, the co-eztenBion of Platyceras 
and Capnlus was fully reG<^Dized and all the Carboniferous species 
hitherto referred to the former genus placed under tbe latt«r. At 
the same time considerable doubt was expressed as to tbe advisa- 
bility of associating all the forms mentioned under a single generic 
title. When it comes to extending the examination to all the 
species usually embraced in Conrad's group, a very heterogeneous 
assemblage of shells is encountered. Hall, Meek and others have 
repeatedly called attention to the difficulties in tbe arrangement 
of the Platycerata. Tbe first named author has even proposed 
two generic terms to include some of tbe more aberrant forms. 

In reviewing all the described species of the group under con. 
sideration, three more or less well defined and generally easily 
recognizable sections may be made out. Tbe three are distin- 
gnisbed readily from one another by their general shape; but there 
ore other features equally distinctive. One section is character- 
ized by having a small, closely coiled spire, more or less c^jntigu- 
ous with a large campanulate body whorl. Another group 
includes those shells having very small apices, usually arched but 
seldom closely coiled, tbe last volution very much elongated ver- 
tically, and often spiral. The third assemblage embraces the 
straight conical forms with little or no convolution of apical 
parts. To the first of the three groups, Monfort's generic title, 
Capulus, applies; for the second and third it seems proper to re- 
vive Hall's names, Orthonychia and Igoceras. In a few cases 
these groups along certain lines seem to merge somewhat and 
their present limits eventually may require some modifications. 
On the whole, however, they appear to satisfy the requirements 
much better than any of the commonly accepted arrangements 
previously used. 

The American Platycerata now assigned to end) of the three 
groups may be enumerated as follows: 



argo Hall. 
hmingti Hall. 
bitiaviUtt* Hall. 
calaiUiea Hall. 
dat'itut Hall. 
cj/mbivm Hall. 
dumc»ut Conrad. 
§i}tiilaUralit Hall. 



nuriruliitut Hall. 
bUtriali* Hsll. 
hacrulfntnn Hall. 
eiirinatv$ Hall. 
crauut Hall. 
diUttatu% Hall. 
erhinatiif Hall. 
errclut Hall. 
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fbrnieatitt Hall. 
gibbonu Hall. 
inlfmediui Hall. 
lodienti* Meek. 
TrndtitirMOtiiii Hall. 
aeuberryi Hall. 
nodotu* Cuarad. 
oeeiian* Walcott. 
paroZiu* Wliite and W. 
perUdlobwi Hall. 
ptatgttomut Hall. 
r^tMiM Hall. 
rt<<u« Halt. 
tpinigtmt WoTthen. 
ivbsitMOtu* Wnrthen. 
fuieoplioatu* Hall. 
theti* Hall, 
undatut Hall. 
e«nfri'A«iM Conrad. 



n Hall. 
fiitureUum Hall. 
perpltxum Hall. 
pyT^TnidottfR) Hall. 
juApItcjifum Meek & W. 
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gtMutrdi Conrad. 
haUatoide* H. & W. 
{a(u( Keyes. 
magnifieitt Hall. 
muitMpinofvi Meek. 
niagareasii, HalL 
tfUifuuj Kejea. 
Malt* dtevenB. 
partnu Swallow, 
ptrplieattu Hall. 
taieatilU Hall. 
ratp^rMM HalL 
mnvnfuf HalL 
tutreetut Hall. 
(u2eaJu« Conrad. 
ij/mToetrieat Halt. 
IrAuJonu White. 
utuIu^tn'oltM Ball. 

lOOCKBAS. 

eopuliu Hall. 
poAutoerinuj Owen. 
plieatum Conrad. 
qitiueyerue McCliesney. 



' ORTHORTCHIA. 

agrttte Hall. 
attmwatum HalL 
eoneafwn Ball. 
eurrfT^MfruM Hall. 
(UrUaXium Hall. 
^n«ib Hall, 
(pjrab Hall. 
' (Of-twotum HalL 
unfti^^orrM Hall. 

I the above 



aeuiiro*lTS HalL 
areuatum Hall. 
ehttterente Meek and W. 
eamvforme Wlncbell. 
fyrtoliiu HcCheanef . 
formotum KejeB. 
lameilotiim Hall. 
tubrMwn Hall, 
tui^ornu Hall. 

Some »t the forniB incladed in the above are undoabtedl; 
Bvnonymoas, but they cannot be eliminated nntil mors aatisfac- 
tory material has been examiDed. By tranaferring certain appar- 
ently anomalous species to other genera, the arrangement of th« 
entire group seems to be much more in accordance with the 
observed affinities and differences of the various species than any 
other yet suggested. And in a treatment, soon to be issued, of 
the leading forms occurring in the Mississippi basin the plan ben 
proposed has been followed. 

The great range of variation, even in a single apecies, together 
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with some of the canses tending to prodace these rapid chaoges, 
has been fully discussed in another place, making it unnecessary 
to take up again the habits of these organisms, detected even in 
the fossils by the intimate association of the gasteropods with 
crinoids. Gonceming this phase of the question much might be 
said. The conclusions reached may be briefly summed up as follows: 

(1.) The gaateropod shell invariably lies over the anal opening 
of the crinoid. 

(2.) The moUusk remained in this position for a considerable 
period, probably for the gi'eater part of life, as is shown by the 
shells on highly ornamented calyces and after the removal of them 
by the coucentrio grooves made on the ventral plates. 

(3.) The growing shell followed closely the ineqnalities of the 
surface npon which it rested— depress ions giving rise to furrows 
and protuberances to folds or nodes. 

(4.) Shells lying simply on flat surfaces are much more de* 
pressed and proportionally broader than those clinging to the 
vertical or inclined portions of calyces in which the anal opening 
is situated laterally. 

The third of these statements ia perliaps best illustrated by 
crinoids having low interradial areas and elevated radial regions, 
and is the probable explanation of the frequent occurrence of the 
more or less distinctly five-lobed calyptrtean sheila. Until very lately 
this phenomenon has admitted of no direct causal interpreta- 
tion. 

Since the appearance of the recent papers on the habits of the 
ancient calyptneans it hae been inferred that these gasteropods 
were parasitic in their manner of living. This was not the case. 
For in no instance did the moUusks probably interfere at all with 
the nonriahment of the crinoids, but merely fed, in part at least, 
upon refnae matter. 

CLASSIFICATION OF THE THEORIES OF THE 
ORIGIN OF IRON ORES. 

Bt H. V. WiaoHiLL, HlnneapoUa. 

A. Mechanical. 

a. Extra-terrestrial or coamical. 
1. Meteoric fall. [!.]• 

b. Terrestrial. 

'Figures in bracketB refer to the theories aa numbered and discosBed 
in "The Iron Orea of Minnesota," Bulletin No. 6, Hinn. Geol. 8ur. 
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1. Subterranean — eraption in dykes or scoompanying basal- 

tic flom. [2. ] 

2. Saperficial action. 

a. Violent abrasion and transport [13.] 
1. Ordlmry «ro.lo,i. S'' «»»<»»"'>tlo.o(lron..»d,. [14.] 
(:i. Oceanic sedimentation. [8.] 
B. Chemical. 

a. Changes in situ. 

1. Change in the kind or quantity of iron already present in 

the rocks. 
'(. Alteration of di9iise<1 ferric oxide into ferrous carl>on- 

ate. [10.] 
/'. Metamorpbism of bog ore. [11] 
r. Metamorphism of lake ore. [1:2.] 
'/. Alteration of ferrous carbonate or sulphide into ferric 
oxide. [8 in part.] 

2. Change in the kind or quantity of other minerals. 

'I. Substitution of iron oxide for some noo- ferriferous 

mineral. [17.] 
'>. Concentration, by removal of the other constituents. 

[4.] ftimilarto B a I. 
c. Electro-telluric action. [16.] 

b. Removal by chemical action and aul>se(iuent dcix>8ition. 

1. By action of heat — sublimation. [3.] 

2. By action of water. 

[1. Uccanic precipitation. [Sinp't] 
I [ a. Secondary product of the 
"■ In <»niinage basins. -j , decomposition of basic 

I , I rocka, [18.] 

1 b. Secondarj' product from 
the decomposition of py- 
!_ rite. [7.] 
//. In the rocks. \ ^ S^^urat'O" of porous strata, [a.] 
(2. Infiltration into cavitii'S. [«, 15.] 
r. Deposit by springs, [it.] 

Mr. W.J. McOec, in "The Pleistocene History of Northeastern 
Iowa," revi\e3 the use of the term yi»', applied bj- DeLuc in 
ISIG, and afterward by >Iaton and Beck, in America, to "the 
immediate products of rock decay in situ.'' P. 27!<, Kleifiilh 

Aiiniml li<;>ort uf thi- Dlrvctor I'. S, 'G'oI. Siirrri/. 
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ON THE FORMATION OF OOLITE.* 

Bf Dr. A. RoTBPLiTx, of Xnnlcb. 

On the low shore of the Great Salt lake in Utah, there lie be- 
tween the pebblea and saQd-grains, io great multitudes, snow- 
white calcareous corpascles. They are thrown on the smooth 
strand bj the waves of the lake and form a eubstanUal part of 
the beach-aand. Where they still lie in the water, we nsually 
see tbem partly covered with a bluish-green ajga-maas. 

I could take with me last fall only dry material of this alga ; 
but that sufficed perfectly to recognize that the algoid bodies con- 
sisted of colonies of Glirocapta and Olceothece cells, which richly 
secrete carbonate of lime. 

The cells of the Olieocapta are 2 /i in diameter and spherical, 
those of (ilceoiAecr 2 — 3 /t thick and 4 — 5 /i long. 

They are invested with a clear, transparent, }elly-like mem- 
brane, which exceeds the cells in thickness. There are often 
several cells in one membrane, and the more or less spherical 
membranes are always pressed closely together, creating nearly 
the appearance of a uniform mass of jelly. 

The lime is enclosed in the alga<body in the form of rounded 
tubercles which often mass themselves together into larger, ins- 
ular tubercular l)odies. It is a fine-grained aggregate of calcite 
which always incloses numerous dead alga-cells that have already 
lost their greenish coloring. 

The snow-white and partly silver-gray calcareous bodies of the 
strand are of three-fold form: first, there are irregular tubercular 
bodies attaining several millimeters in diameter, second, spherical 
or oval forms for the most part one-third of a millimeter in diam- 
eter, and, third, long, thin rods about one-halt a millimeter long 
and one-tenth of a millimeter broad. 

If we dissolve these bodies in dilute acid, the dead and shriv- 
eled flssion-algtt! become free in quite the same way as by dissolv- 
ing the lime of the living algse. The snow-white, calcareous 
bodies may, therefore, be understood as dead alga-bodies. 

The rounded to oval forms are, indeed, l)Oth by their external 
form and by the microscopic arrangement of the calcite, true 
o{Mites. Around an inner nucleus of irregularly granular lime, 
are laid concentric shells with, at the same timp, radial arrange- 

•From the Bolanitchft CtntriilMalt. Nr. 35, 18B2. Translated by K. W. 
CragiD. 
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meat of tbe calcite crystals. But even in quite deHcate sections 
the calcareous substance, botb of the nucleus and of the shells, 
is interrupted by scattered, minute granules. If we dissolve the 
section cautiously and slowly in very dilute acid, the granules 
remain behind exactly in their original position, and we recognize 
in them the dead and crumpled G/ceocapaa cells. 

The oolites of the &reat Salt lake are, therefore, indubitably 
the product of lime-secreting ftssionalgie, and their formation is 
proceeding day by day. Tbe rods and tubercles are of like cou- 
stitotion, save that in the latter the regular couceutric structure 
of the lime is lacking. Furthermore, the little rods appear to b» 
richer in alga-cells tbaa the oolites. It must be left to the Amer- 
ican botanists to accurately trace this process of oltlite- forming 
in place, or at least in living material. 

But even now the observations communicated suffice for find- 
ing an explanation of the origin of a few other already long 
known oiilitee. 

A few years since. Job. Walthev (14 w, lt> Bd. Abh. siichs. 
Ges. Wissensch. 1888 und 1891) described and indicated as a re- 
cent formation, oivlites from the strand of the Red sea. A prin- 
cipal role is ascribed to decayed animals. Last year I likewise 
investigated these ostites in place and found that they are a very 
widely distributed phenomenon along the west coast of the Sinai 
peninsula and usually decrease in frequency toward the interior 
of the land, although they still maj' be met with many kilome- 
ters, even day's marches, distant from the shore. But they also 
occur in older deposits which belong to the Quaternary pteriod 
and build up the subot^rially formed tow coastal tracts in tbe fur- 
ther environs of 8uez, whence Baucrman described them very 
well in 18fi8. They arc there frequently consolidated into a hard, 
oillitic limestone. 

These ofllites are distinguished from those of the Great Salt 
lake chiefly in the fact that their nucleus always consists of a for- 
eign sand-grain. The concentric shell-structure is very conspic- 
uously less developed than the radial. Then there are always 
to be noticed in the shells, peculiar vermiform and. not rarely, 
dichotomously branching canals that are fllkd up with calcite, 
which, however, in its orientation is qnite independent of that of 
the calcite in the concentric shells, and has a much coarser grain. 

If we dissolve the lime with acid, there remain here also minute 
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graina which cohere ia thin pellicles, and have quite the aspect 
of the tlaBion-alge, as they occur in the Utah oQlites. 

I have made the attempt to prove the plant-nature of these 
surviving pelliclea by treatmeat with satphuric acid and iodine 
solution, as well as with chloriodide of zinc, and thereby gained 
the knowledge that no blue coloring, but, indeed, a yellowish 
browQ coloring, took place. Thus, however, behaved the fissiou- 
algce of the Salt lake and, to my astonishment, it was quite im- 
possible for me to color, in this way, the cell- membranes of a 
Halimeda which I bad collected in the Red sea. 

It appears thus that the incapacity of cellulose to be stained 
blue, occurs not only in the Fungi but also in the lower Algfe. 

The oHlites of the Quaternary deposits and those of the drift- 
sand are all, without exception, porcelain- white. Among those, 
on the contrary, which I have collected at i^uez, on the strand ac- 
cessible only at ebb tide, I found a smaller number which have a 
silver-gray to groenish-blue color and are not easily to be dis- 
tinguished from the silver-gray otolites of the Salt lake, if there 
were not the inner foreign sand-grain. 

The explanation of the inner vermiform canals, the atudy of 
the fresh-water flssion-algs furnished mc. Where these live in 
great abundance in damp places, springs, or pools, there lime- 
secreting Chriiucocci are accustomed to grow in a forest of thread- 
like fiasion-algte. So also may the cue be in the sea. The 
thread-like algK may then become encased by the lime-ccnsta, 
their room may later be filled up with lime, and thus they con- 
tinue to preserve their external form. 1 suppose, therefore, in 
the vermiform structures of the Sinai onlites certain thread-like 
algffi which were of course not themselves immediately concerned 
in the olMite- format ion, but by the company in which they lived 
were imprisoned with it. It will be the task of future dredging 
investigations to bring to light the living oitlite-maker from the 
depths of the Red sea. 

Eight years ago I found in the Lias of the Vilser Alps (in the 
so-called "Aechsele" In the Reichenbacber valley) a gray lime- 
stone in a thickness of several meters, deposited between brachio- 
pod-bearing white and coral-bearing limestone. The same was 
quite filled with little, longish corpuscles which, owing to their form, 
I regarded as organisms. They are rods i mm. thick and up to 1 
mm. long, rounded off at both ends. In section, we recognize anin- 
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Der nucleus of irregular gnmDlar calcite which repeats the form of 
therods oaly onaBmatlerscale; there&roaod is laid a shell of un- 
usually regular EODftl and radial structure, exactly after the fashion 
of the true oolites. A foreign inner nucleus is never present.and 
the rather long, as well as always uniform shape of these prodig- 
iously abundant bodies confirmed me in the belief that they are 
organic forms, despite the fact that the structure of the shell af- 
forded me no point of support for it. Now, my supposition of 
that time gains much in probability because the ^reement with 
the olUite rods of the Salt lake is one quite remarkable. 

But structures analogous to the irregularly grannlar alga-lime- 
stones of the Salt lake also seem to occur in older formations. 1 
refer especially in this statement to the so-called "great onllte 
structure " of the Wettersteinkalk. 

The structure of certain calcareous oolites which Wethered and 
most recently also Bleichcr (May, 1892) have investigated seems 
to me to have great resemblance to that of the Sinai oolite and 
is, perhaps, to be explained iu the name manner. 

In the highest degree remarkable are the 12 ," long rodlets which 
Bleicher has rendered visible in the iron oolites by treatment with 
aqua regis. He regards them, if possible, as bacteria (Comptes 
Rendus Acad. Science. Paris. March, 1892). If their plaot- 
nature he established, they might also be claimed as fis8ion-a^;ie. 

According Xa the present stage of my researches, I am inclined 
to believe that at least the majority of the marine calcareous 
oiilites with regular zonal and radial structure are of plant ori- 
gin : the product of microscopically small algK of very low rank, 
capable of secreting lime. 

8 Juli, 1892, 



THE IMMEDIATE WORK IN CHEMICAL SCIENCE.* 

Albert B. FHSaroTI, .Van Arbor. 

A division of science has a work of its own to do, a work that 
n-ell might Ite done for its own sake, and still more must be done 
in payment of what is due to the other divisions. Each section 
of our Association has its Just task, and fidelity to this is an obli- 
gation to all the sections. Those engaged in any labor of science 
owe a (lel)t to the world at large, and can be called to give an ac- 
1 American AssoclaUon for the 
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ooDnt of what they are doing, and vhat they have to do, that the 
truth may be shown on all Bides. 

If it be in my power to make the annual addreae of thia meet- 
ing of any service at all to you who hear it — in yonr loyalty to the 
Association — 1 would bring before you some account of the work 
that is want«d in the science of chemistry. Of what the chemists 
have done in the past the arts of industry speak more plainly 
than the words of any address. Of what chemists may do in the 
future it would be quite in vain that 1 should venture to predict. 
But of the nature of the work that is waiting iu the chemical 
world at the present time I desire to say what I can, and I desire 
to speak in the interests of science in general. The interests of 
science, 1 am well assured, cannot be held indifferent to the inter- 
ests of the public at large. 

It is not asmall task to find out how the matter of the universe is 
made. The task is hard, not because of the great quantity in which 
matter exists, nor by reason of the multiplicity of the kinds and 
compounds of matter, but rather from the obscurity under which the 
actual composition of matter is hidden from man. The physicists 
reach a conclusion that matter is an array of molecules, little things, 
not so targe as a millionth of a millimeter in size.and the forma- 
tion of these they leave to the work of the chemists. The smallest 
objects dealt with In science, their most distinct activities liecome 
known only by the widest exercise of inductive reason. 

The realm of chemical action, the world within the molecules of 
matter, the abode of the chemical atoms, is indeed a new world and 
but little known. The speculative atoms of the ancients, mere me- 
chanical divisions, although prefiguring the molecules of modern 
science yet gave no sign of the chemical atoms of this centurj-, 
nor any account of what happens in a chemical change. A new 
field of knowledge was opened in 1774 by the discovery of oxy- 
gen, and cnt«red upon in 1!JU4 by the publications of Dalton, a 
region more remote and more difHcult of access than was the un- 
known continent toward which Christopher Columbus set his sails 
three centuries earlier. The world within molecules has been 
open for only a hundre<l years. The sixteenth century was not 
long enough for an exploration of the continent of America, and 
the nineteenth has not been long enough for the undertaking of 
the chemists. When four centuries of search shall have been 
made in the world of chemical formation, then science should l;e 



iyGoo<^lc - 



2S4 The American Geologist. NoiemiHT, itw 

ready to meet a congress of nations, to rejoice with the chemist 
upon the issue of his task. 

It is well known that chemical labor has not been barren of re- 
turns. The products of chemical action, numbering thoosands of 
thousands, have been sifted and measured and weighed. If you 
ask what happens in a common chemical change you can obtain 
direct answers. When coal burns in the air, how much oxygen 
is used up can be stated with a degree of exactness true to the 
first decimal of mass, perhaps to the second, yet questionable in 
the third. How much carbonic acid is made can be told in weight 
and in volume with approaching exactness. How much beat this 
chemical action is worth, how much light, how much electro-mo- 
tive force, what train-load of cars it can carry, how long it can 
make certain wheels go ronnd, — for these questions chemists and 
physicista are ready. With how many metals carbonic acid will 
unite, how manj' others it can make into carlMuates, into what 
classes of molecules a certain ta^er fragment of carbonic acid can 
be forme J, the incomplete records of these things already run 
through a great many volumes. These carboxylic bodies are open 
to productive studies, stimulated by various sorts of inquiry and 
demands of life. Such have been the gatherings of research. 
They have been alowly drawn into order, more slowly interpreted 
in meaning. The advance has been constant, deliberate, some- 
times in doubt, always persisting and gradually gaining firmer 
grountl. So chemistry has reached fhr periotl of dfJiiiilioH. Its 
guiding theor)' bas come to be realized. 

■■The atomic theorj'"' has more and more plainly appeared to 
l>c the central and vital truth of chemical science. As a working 
hypothesis it has directed abstruse research through dilHcnltways 
to open accomplishment in vivid reality. As a system of knowl- 
edge, It has more than kept pace with the rate of invention. Asa 
philosophy, it is in touch with profound truth in physics, in the 
mineral kingdom, and in the functionsof living bodies. Asalan- 
guagc it has been a necessity of man in dealing with chemical 
events. Something might have been done, no doubt, without it, 
had it l)oen possible to keep it out of the chemical mind. Bat 
with a knowledge of the primary elements of matter, as held at 
the beginning of this centnry. some theory of chemical atoms was 
inevitable. And whatever theory might have been adapted, its 
use in investigation would have drawn it with a certainty into the 
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essential features of the theorj- now eBtablished. It atates the 
constitution of matter in terms that stand for things as they are 
made. The mathematician may choose the ratio of numerical 
notation, whether the ratio of ten or some other. But the chemist 
must find existing mlioa of atomic and molecular mass, with such 
degree of exactness as he can attain. Chemical notation, the in- 
dex of the atomic system, is imperfect, as science is incomplete. 
However defective, it is the resultant of a multitude of facts. 
The atomic theory has come to be more than facile language, morv 
than lucid classiBcation, more than working hypothesis, it is the 
drjinitftin of t/ie lcno>cih truth ia the exiiteiice of matter. 

The chemical atom is known, however, for what it does, rather 
than for what it is. It is known as a center of action, a factor of 
iufiuence, an agent of power. It is identified by its responses, 
and measured by its energies. Concealed as it is, each atom has 
given proof of its own part in the structure of a molecule. Proofs 
of position, not in space but in action, as related to other atoms, 
have been obtained by a multitude of workers with the greatest 
ad\'antage. The arrangement of the atoms in space, however, is 
another and later question, not involved in the general studies of 
structure. But even this question has arisen upon its own chem- 
ical evidences, for certain bodies, so that ''the configuration" of 
the molecule has become an object of active research. 

Known for what it does, the atom is not clearly known for what 
it is. Chemists, at any rate, arc concerned mainly with what can 
be made out of atoms, not with what atoms can be made of. 
Whatever they are, and by whatever force or motion it is that they 
unite with each other, we define them by their effects. Through 
their effects they are elassifleii in the rank and file of the periodic 
system. The physicists, however, do not slop short of the phil- 
osophical study of the atom itself. Asa vibratory body itsmove- 
ments have been under mathematical calculations; as a vortex 
ring its pulsations have been assumed to agree with its combining 
power. As an operating magnet its interaction with other like mag- 
nets has been predicated as the method of valence. Theix; are, 
as I am directly assured, physicists of penetration and prudence 
now looking with confidence to studies of the magnetic relations 
of atoms to each other.* Moreover, another company of workers, 

*"Tlte results of molecular iiL^slcs poiut uomUt&kably to the atom as 
a magnet. In Its chemical activities." — A. E. Dolbear, Id a personal com- 
rauolcation. 
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the chemists of geometric isomeriam, aeaume a conflguratioo of 
the atoms, in accord with that of the molecule. 

The stimulating truth of the atomic constitution of the molecule, 
a great truth in elastic touch with all Bcience, excites numerous 
hypotheses, which, however profitable they may be, are to be 
stoutly held at a distance from the truth itself. Such are the hy- 
potheses of molecular aggregation into crystals and other mineral 
forms. Such are the biological theories of molecules polymerizing 
into cells, and of vitality as a chemical property of the molecule. 
Such arc the questions of the nature of atoms, and the genesis of 
the elements as they are now known, questions on the border of 
metaphysics. Let alt these be held distinct from the primary 
law of the atomic constitution of simple molecules in gaseous 
bodies, an essential principle in an exact science. The chemist 
should have the comfortable assurance, every day, as he plies his 
balance of precision, that the atom-made molecules are there, in 
their several ratios of quantity, however many unsettled questions 
may lie around about them. Knowledge of molecular structure 
makes chemistry a science, nourishing to the reason, giving 
dominion over matter, for beneficence to life. 

Every chemical pursuit receives strength from every advance 
in the knowledge of the molecule. And to this knowledge, none 
the less, every chemical pursuit contributes. The analysis of a 
mineral, whether done for economic ends or not, may furnish a 
distinct contribution toward atomic valence. The further exami- 
nation of steel in the cables of a suspension bridge is liable to 
lead to unexpected evidence upon polymeric unions. Rothamsted 
farm, where ten years is not a long time for the holding of an 
experiment, yields to us a classic history of the behavior of uitro- 
geu, a history from which we correct our theories. The analysis 
of butter for its substitutes has done something to set us right 
upon the structure of the glycerides. Clinical inspection of the 
functions of the living body fain finds a record of molecular 
transformations too difficult for the laboratory. The efforts of 
pharmaceutical manufacture stimulate new orders of chemical 
combination. The revision of the pharmacopoeia every ten years 
points out a humiliating number of scattered errors in the pub- 
lished constants on which science depends. The duty of the 
engineer, in bis scrutiny of the quality of lubricating oils, brings 
a more critical inquiry into the laws of molecular movement. 
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There ia not time to mention the many professioDS and pursuits 
of men who contribute totcanl the principhi of ehemittry and hold 
a share therein. It it be the part of pure science to find the law 
of action in nature, it is the part of applied science both to con- 
tritnite facta and to pat theory to the la^er proof. In the words 
of one who has placed industry in the great«at of its debts to 
philosophic research, W. H. Perkin, "There is no chasm between 
pnre and applied science, they do not even staud side by side, 
but are linked together." So in all branches o' chemistry, 
whether it be termed applied or not, the best workers are the moat 
strongly bound as one, in their dependence upon what ia known 
of the structure of the molecule. 

Studies of structure were never before so inviting. In thia 
direction and in that especial opportunities appear. Moreover 
the actual worker here and there breaks into unerpected paths of 
promise. Certainly the sugar group is presenting to the chem- 
ist an open way from simple alcohols on through to the cell aub- 
stancea of the vegetable world. And nothing anywhere could be 
more suggestive than the extremely simple unions of nitrogen 
lately discovered. They are likely to elncidat« linkings of this 
element in great classes of carbon compounda, all significant in 
general chemistry. Then certain comparative studies have new 
attractions. As halogens have been upon trial side by side with 
each other, so for instance, silicon must be put through ita paces 
with carbon, and phosphorus with nitrogen. Presently, also, the 
limits of molecular mass, in polymers and in unions with water, 
are to be nearer approached from the chemical side, as well aa 
from the side of physics, in that attractive but perplexing border 
ground between affinity and the states of aggregation. 

Such is the extent and such the diversity of chemical labor at 
present that every man must put limits to the range of his study. 
The members of a society or section of chemistry, coming to- 
gether to bear each other's researches, are better able, for the 
most part, to listen for instruction than for criticism. Still less 
prepared for hasty judgment are tboae who do not come togetlier 
in societies at all. Kven men of eminent learning must omit targe 
parts of the subject, if it be permitted to apeak of chemistry aa 
a single subject. These considerations admonish us to be liberal. 
When metallurgical ehemistrj- cultivates skepticism as to the 
work upon atomic closed chains, it ia a cultare not the most lib- 
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«ml. When & devotee of organic synthesis puts alow Tatne upon 
Analytic worit, he takes a vctj narrow view of chemical studies. 
When the chemist who is in educational service dispan^es inves- 
tigations done in indnstrisl service, he exercises a pitiful brevity 
of wisdom. 

The pride of pure science is justified in this, that its truth is 
for the nurture of man. And the ambition of industiml art is 
honored in this, its skill gives strength to man. It is the obliga- 
tion of science to bring the resources of the eartb, ita v^etation 
and its animal life, into the full service of man, making the 
knowledge of creation a rich portion of his inheritance, in mind 
and estate, in reason and in conduct, for life present and life t^ 
come. To know creation is to be taught of God. 

I have spoken of the century of beginning chemical labor, and 
have referred to the divisions and specialties of chemical study. 
What can I say of the means of uniting the earlier and later years 
of the past, as well as the separated pursuits of the present, in 
one mobile working force '/ Societies of science are among these 
means, and it becomes us to magnify their olHce. For them, 
however, all that we can do is worth more than all we can say. 
And there are other means, even more effective than associations. 
Most necessary of all tbe means of unification in science is the 
use of its literature. 

It is by published communicatiou that tbe worker is enabled 
to begin, not where the first investigation l>egan, but where the 
last one left off. The enthusiast who lacks the patience to con- 
sult books, presuming to start anew all by himself in science, has 
need to get on taster than Antoine L, Lavoisier did when he l>egan, 
an associate of the French Academy in 17ti8. He of immortal 
memory, after fifteen eventful years of momentous labor, reached 
only such a combustion of hydrogen as makes a very simple class 
experiment at present. But, however early in chemical discov- 
ery, Lavoisier availed bimself of contemporaries. They found 
oxygen, be learned oxidation ; one great man was not enough, in 
1 774, both to reveal this element and show what part it takes in 
the formation of matter. The honor of Lavoisier is by no means 
the less that he used the results of others, it might have been the 
more had he given their results a more explicit mention. Men 
of the largest original power make the most of the results of 
other men. Discoverers do not neglect previous achievement, 
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however it nuy appear in biograpbj'. Ttie masters of science 
are nnder the limitations of their age. Had Joseph Priestley 
lived in the seventeenth ^ntary be had not discovered oxygen. 
Had Angnst Kekni^ worked in the period of Berzelins, some 
other man would liave set forth the closed chain of carbon com- 
bination, and Kekul^, we may be sure, would have done some- 
thing else to clarify chomistrj-. Such being the limitations of 
the masters, what contributions can be expected in this age itom 
a worker who is without tbe literature of his subject ? 

Id many n town some solitary thinker is toiling intensely over 
some self-imposed problem, devoting to it such sincerity and 
strength as should be of real service, while still he obtains no 
recognition. Working without books, unaware of memoirs on 
the theme bo loves, be tries the task of many with the strength 
of one. Such as he sometimes send communications to this osao- 
cistioD. An earnest worker, bis utter isolation is quite enough to 
convert him into a crank. To every solitary investigator 1 should 
desire to say, get to a library of your subject, learn how to nse its 
literature, and possess yourself of what there is on the theme of 
your choice, or elite determine to give it up altogether. You 
may get on very well without college laboratories, you can sur- 
vive it if unable to reach tbe meetings of men of learning, you 
can do without the counsel of an authority, but yon can hardly l>e 
a contributor in science except you gain the use of its literature. 

First in importance to the investigator are the original memoirs 
of previous investigators. The chemical determinations of the 
century have been reported by their authors in the periodicals. 
The serials of the years, the continuous living repositories of all 
ohembtry, at once the oldest and the latest of its publications, 
these must be accessible to the worker who would add to this 
science. A library for research is voluminous, nnd portions of 
it are said to be scarce, nevertheless it ought to be largely sup- 
plied. The laboratory itself is not more important than the 
library of science. In the public libraries of our cities, in all 
colleges now being established, the original literature of science 
ought to be planted. It is a wholesome literature, at once a stim- 
ulant and a corrective of that impulse to discovery that is fre- 
quent among the people of this country. That a good deal of it 
is in foreign langu^es is hardly a disadvantage ; there ought to be 
some exercise for the modern tongues that even the public high 
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schools are teaching. That the sets of standard journals are get- 
ting out of print is a somewhat infirm objection. They have no 
right to be out of print in these days when they give as twenty 
pages of blanket newspaper at breakfast, and offer us Scott's 
novels in full for leas than the cost of a day's entertainment As 
for the limited editions of the old sets, nntil reproduced by new 
types, they may be multiplied through photographic methods. 
When there is a due demand for the original literature of chem- 
istry, a demand in accord with the prospective need for its use, 
the supply will come, let us believe, more nearly within the 
means of those who require it than it now does. 

What I have said of the literature of one science can be said, 
in the main, of the literature of the other sciences. And other 
things ought to be said, of what is wanted to make the literature 
of science more accessible to consulting readers. A grtat ilml 
of iniirxiiiff it wanted. Systematic bibliography, both of pre- 
vious and of current literature, would odd a third to the pro- 
ductive power of a large number of workers. It would promote 
common acquaintance with the original communications of re- 
search, and a general demand for the aerial sets. Topical bibli- 
ographies are of great service. In this regard I desire to ask 
attention to the annual reports of the committee on Indexing 
Chemical Literature, in this association for nine years past, as 
well to recent systematic undertakings in geology, and like move- 
ments in zoology and other sciences. Also to the Index Medicus. 
OS a continuous bibliography of current professional literature. 

Societies and institutions of science may well act as patrons to 
the bibliography of research, the importance of which has been 
recognized by the fathers of this Association. In 1855, Joseph 
Henry, then a past president of this body, memorialized the Brit- 
ish Association for cooperation in bibliography, offering that aid 
of the Smithsonian Institution which has so often been afforded 
to publications of special service. The British Association ap- 
pointed a committee, who reported in 1857, after which the under- 
taking was proposed to the Royal Society. The Royal Society 
made an appeal to her Majesty's government, and obtained the 
necessary stipend. Such was the inception of the Royal Society 
Catalogue of scientific papers of this century, in eight quarto 
volumes, as issued in 18tj7 and 1877. Seriously curtailed from 
the generous plan of the committee who proposed it, limited to 



ly Google 



Chemical Science. — I'retcott. 291 

the single feature of an index of authors, it ie Devertheless of 
great help in literary search. Before any list of papers, bow- 
ever, we mual place a list of the serials that contain them, as 
registered by an active member of this Association, an instance 
of indnatry and critical Judgment. I refer to the well-known 
catalogue of scientific and technical periodicals, of about five 
thousand numbers, in publication from 1665 lo 1882, together 
with the catalogue of chemical periodicals by tlie same author.* 

Allied to the much needed service in bibli<^raphy, is the service 
in compilation of the Constants of Nature. In the preface of 
his dictionary of solubilities, in ] 856, Professor Storer said ' ' that 
chemical science itself might gain many advantages if all known 
facts regarding solubility were gathered from their widely scat- 
tered original sources into one special comprehensive work." 
That the time of the philosophical study of solution was near at 
hand has been verified by recent extende*! monographs on this 
subject. In like manner Thomas Oarnclley in Kngland, and early 
and repeatetily our own Professor Clarke in the United States,! 
bringing multitudes of scattered results into coordination, have 
augmented the powers of chemical sen-ice. 

What bibliography does for research, the HandwOrterbuch does 
for education, and for technology. It makes science wieldy to 
the student, the teacher and the artisan. The chief dictionaries 
of science, those of encyclopedic scope, ought to be provided 
generally in public libraries, as well as in the libraries of all high 
schools. 1 The science classes in preparatory schooU should make 
an acquaintance with scientific litcraiure in this form. If schol- 
ars be assigned exercises which compel reference reading, they 

*Bolton'8 Catalogue of Scientific and Technical Periodicals (1883: 
SmlthionlBD) omits the aerials of the societies, ae theBe are the subject 
of Scudder'a Catalogue of Scientific Serials (1879: Harvard L'nlv.l On 
the contrary BoltoiTB Catalogue of Chemical Periodicals (1885: N. Y. 
Aatd. Bel ) Includes tlie publlcatlona of aocieties as wall as other aerials. 
Chemical technology la also repreaented in the last named work. 

tThe service of compilation of Ihia character ia again indicated hy 
this extract from Clarke'a Introduction to the flrat edition of his "Con- 
stanta" (1878): "While engaged upon the study of some Interesting 
points in theoretical chemistry, the compiler of the following tables bad 
occasion to make freiiueut reference to the then exlating Hats of specific 
gravitlea. Nous of tkese, however, were complete enough. . . ." 

^The statistics of school lihrariea in the United States are very mea- 
gre, the expenditures for them being included with that for apparatus. 
For libraries and apparstua of all commou schoola, both primary and 
aecoDdory, the annual expenditures ia set at }0B7,O48, which ia about 
seven-tentba of one per cent, of the total expenditure for theae achools. 
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will gain a begiDDiug of that aooomplishmeDt too oftea neglected, 
even in college, how to use books. 

The library is a necessity of the laboratory. Indeed, there is 
much in common between what is called the laboratory method, 
and what might be called the library method, in college training. 
The educational laboratory was inatitnted by chemistry, first tak- 
ing form under Liebig at Gieasea only about fifty years ago. 
Experimental study has been adopted in one subject after an- 
other until, now, the " laboratory method " is advocated in lan- 
guage and literature, in philosophy and law. It is to be hoped 
that chemistry will not fall behind in the later applications of 
"the new edacation" in which she took so early a part. 

The advancement of chemical science is not confined to discov- 
ery, nor to education, nor to economic use. All of those interests 
it should embrace. To disparage one of them is injurious to the 
others. Indeed, they ought to have equal support. It would be 
idle to inquire into their respective advantages. This much, how- 
ever, is evident enough, chemical work is extensive and there is 
immediate want of it. 

Various other branches of science are held back by the delay 
of chemistry. Many of the material resources of the world wait 
upon its progress. In the century just before us the demands 
upon the chemist are to be much greater than they have been. 
All the interests of life are calling for better chemical informa- 
tion. Men arc wanting the truth. The biologist on the one 
band, and the geologist on the other, are shaming us with inter- 
rt^atories that ought to be answered. Philosophy lingers for the 
results of molecular inquiry. Moreover the people are asking 
direct questions about the food they are to eat, or not to eat,asking 
more in a day than the analyst is able to answer in a month. The 
nutritive sources of bodily power are not safe, in the midst of 
the reckless activity of commerce, nnless a chemical saf^uard be 
kept, a guard who must the better prepare himself for his duty. 

Now if the people at tai^e can but gain a more true estimation 
of the bearing of chemical knowledge, and of the extent of the 
chemical undertaking, they will more liberally supply the sinews 
of thorougb-going toil. It must be more widely understood that 
achievements of science, such as have already multiplied the 
hands of industry, do not come by chances of invention, nor by 
surprises of genius. It must be learned of these things that they 
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come by breadth of study, by patience in experiment, and by the 
Blow accnmutatione of numberlesa vorkers. And it mast be 
made to appear that the downright labor of science actually de- 
pends upon means of daily subsistence. It must be brought 
home to men of affairs, that laboratories of seclusion with deli- 
cate apparatus, that libraries, such as bring all workers together 
in effect, that these really cost something in the same dollars by 
which the products of industrial science are measured. Statistics 
of chemical industry are often used to give point to the claims of 
science. For instance it can be said that this country, not mak- 
ing enough chemical wood pulp, has paid over a million dollars a 
year for its importation. That Great Britain pays twelve millions 
dollars a year for artificial fertilizers, from without. That coal tar is 
no longer counted a by-product, having risen in its value to a par 
with coal gas. But these instances, as striking as numerous others, 
still tend to divert att«ntion from the more general service of chem- 
istry as it should be known in all the economies of civilization. 

It is not for me to say what supplies are wanted for the work 
of chemists. These wants are stated, in quite definite terms, by a 
sufficient number of those who can speak for themselves. But if 
my voice could reach those who hold the supplies, I would plead 
a most considerate hearing of all chemical requisitions, and that a 
strong and generous policy may in all cases prevail in their behalf. 

If any event of the year is able to compel the attention of the 
world to the interests of research, it must be the notable close of 
that life of fifty years of enlaced chemical labor, announced 
from Berlin a few monthn ago. When thirty years of age, August 
Wilhelm von Hofmann, a native of Giessen anda pupil of Liebi^, 
was called to work in London. Taking hold of the oi^anic de- 
rivatives of ammonia, and presently adopting the new discoveries 
of Wurtz, he began those masterly contributions that appear to 
have been so many distinct steps toward a chemistry of nitrogen, 
such as industry and agriculture and medicine have thriven upon. 
In 18&0 he opened a memoir in the philosophical transactions 
with these words ' 'the light now begins to dawn upon the chaos 
of collected facts. " Since that time the coal tar industry has 
risen and matured, medicine has learned to measure the treatment 
of disease, and t^iculture to estimate the fertility of the earth. 
It seems impossible that so late as March of the present year, he 
was still sending his papers to the journals. If we could say 
something of what he has done we could say nothing of what he 
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has caused others to do. And vet, let it be heard in these United 
States, without such a generous t»olicy of expenditure for science 
as gave to Dr. Hofmann his training in Gieasen. or brought him 
to London in 1848, or built for him laboratories in Bonn and Ber- 
lin, without such provi*ioii bg the Stati', the fruits of hia serrice 
would have been lost to the world. Aye, and for want of a like 
broad and prudent p't)vision for research with higher education, 
in this country', other men of great love for science and great 
power of investigation every year fail of their rightful career for 
the service of mankind. 

For the prosecution of research, in the larger questions now be- 
fore us, no training within the limitations of hnman life can be 
too broad or too deep. No provision of revenue, so far as of 
real use to science, can be too liberal. The truest investigation 
it) the most prudent expenditure that can be made. 

In respect to the support that is wanted for work in science, I 
have reason for speaking with confidence. If I go beyond the 
subject with which I began I do not go beyond the warrant of 
the Association. This body has lately defined what its members 
may say, by creating a committee to receive endowments for the 
support of research. 

There are men and women who have been so far rewarded, that 
great means of progress are in their hands, to be vigorously held 
for the best advantage. Strength is required to use large means, 
as well as to accumulate them. It is inevitable to wealth, that it 
shall be put to some sort of use, for without investment it dies. 
By scattered investment wealth loses personal force. The Amer- 
ican Association, in the conservative interests of learning, pro- 
poses certain efTective investments in science. If it be not given 
to every plodding worker (o be a promoter of discovery, such at 
all events is the privilege of wealth, under the authority of this 
Association. If it be not the good fortune of every investigator 
to reach knowledge that is new, there are, every year, in every 
' section of this liody. workers of whom it is clear that they would 
reach some discovery of merit, if only the means of work could 
be granted them. Whosoever supplies the means fairly- deserves 
and will receive a share in the results. It is quite with justice 
that the name of Ktizabeth Thompson, the first of the patrons, 
has been associated with some twenty-one modest determinations 
of merit recognized by this Association. 

■ 'To procure for the labors of scientific men increased facilities" 
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is one of the constitutional objects of this l>ody. It is time for 
effectivencBs towards this object. The association has estab- 
lished its character for sound judgment, for good working organ- 
ization, and for representative public interest. It has earned its 
res()Onsibilitj- as ihr Amtrican triistei' nf iiHilrrlakiiig" in tcie>iri: 

■■To give a stronger , . . impulse ... to scientific 
research" is another declaration of what we ought to do. To this 
end larger endowments are necessary. And it will be strange if 
some clear-seeing man or woman does not put ten thousand 
dollai's, or some multiple of it, into the charge of this l)ody for 
some searching expeiimental iuquiry now waiting for the material 
aid. The committee upon endowment is ready for consultation 
upon all required details. 

■ To give . more systematic direction to scientific re- 

search" IS likewise stated as one of our objects. To this intent 
the oi^anization of sections affords opportunities not surpassed. 
The discussions upon scientitic papers give rise to a concord of 
competent opinions as to the direction of immediate work. And 
arrangements providing in advance for the (liscussion of vital 
ijuc-stions, OS formally moied at the last meeting, will in one way 
or another point out to suitable persons such tines of labor as 
will inclee<1 give systematic diri'Ction to research. 

In conclusion I may mention another, the most happy of the 
duties of the .Vmerican Association. It is to give the hand of 
liospitable fellowship to the several societies who year by year 
gather with us upon the same ground. Comrades in labor and in 
reffcshraent, their efforts reinforce um, their faces brighten onr 
K»\. May thej' join us more and more in the companionship 
that sweetens the severity of art. A meeting of good workers is 
u remembrance of pleasure, giving its 7.est to the aims of the 
year. 

VOLCANIC DUST FROM OMAHA, NEBRASKA.* 

By J. B. ToDU, Verminion, S Dak. 

This material was from a stratum of whitish aspect, about IH 
inches in thickness, found in the bluffs facing the Missouri river 
about T^ miles north of Omaha. It has the same general char- 
acteristics as the volcAnic dust which has been found in quantity 
along the R«publican, in southern Nebraska, also in Knox. Cum~ 

•Proceedlnif* ot the Iowa Acudemy of Scienc«, 1801. 
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miiig ttad Seward counties in the same state. This statement is 
made on tbe authorityof J. S. Ditler.of the United States Geolt^- 
ical snrvey, who has examined samples from all these localities 
microscopically. This differs in being stained with oxide of iron, 
and the sharp angular grains are coated with carbonate of lime. 
Like the rest it contains with the finely pulverized glass, a few 
rounded grains of quartz and angular grains of feldspar less than 
.02 of a millimeter in diameter. The dust is such as is carried 
through the air from volcanoes. The sand grains and occasional 
diatoms indicate its deposition in still water. 

The following is a section of the blutf containing the volcanic 
dust stratum : 

Twenty-five to thirty feet — Lotas, exposed as much more on 
slope above. 

Seven feet ^Stratified yellow clayey loam, with mauj' calcare- 
ous concretions. 

One and one-half feet — Volcanic dn^t. stained with iron oxide. 

Five feet — Yellow clayey loam, slightly stratified. 

One-half foot — Fine gray sand. 

Twenty feet — ^Coarse sand and psbbles oblicjuely stratified. 

Fifteen feet— Unknown, probably in part blue till. I.ievel of 
the Missouri river. 

This lo:;ality is the most eastern exposure of the volcanic ilust 
stratum which is found scattered over most of Nebraska. Dili- 
gent search has as yet failed to discover it on the Iowa side of - 
the MisBonri. 



NEW DISCOVERIES AT BAOUSSE ROUSSE, NEAR 
MENTONE. 

By tliB UABitm i>E Naiulili.*!.-. 

I know of no discovery touching pre-historic times more re- 
markable than those made in the caves of fiaoussc Konssr, be- 
tween Mentone and Ventimiglia, on the liorders of France and 
Italy. These caves were first discovered in 1872 by Mr. Riviere. 
Since that time this learned gentleman has vigorously prosecuted 
his excavations.* and they have yielded numerous human skele- 
tons, all belonging to the celebrated Cro-Magnon race, who at the 
end of the Quaternary period, or perhaps at the beginning of 
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neolithic timea, ruled not only the south of France, hut also alt 
the Mediterranean shores. It is these same men we meet with 
under the names of Iberians, Ligurians, Sicanians, perhaps also 
under those of Pela^sns and Berbers. It is their bones tliat 
the brothers Siret fount) in the south of Spain, professor Sei^i in 
Italy, and Mr. Riviere at Baouss^ Ronss*''. 

All the bones, wherever fonnd, show a great similitude. They 
are robust, uid bespeak an athletic constitution and a large mus- 
cular power. The men were remarkably tall, the crania are doli- 
chocephalic, the tibias platycnemic, but since Dr. Manouvrier's 
observations, we cannot sec there an inferior character. The 
craninm of ttie first skeleton found (an old man) measnre<1 1.5!)0 
cubic centimeters. The cranium of the woman found next to ' 
him 1,450 cubic centimeters; but this last measurement is not 
quite accurate, on account of the decomposed state of the Iwncs. 

The man bad apon his headanet of small shells (iV(i««« iifrilea), 
and bracelets of shells round his arms and legs. Near him Mr. 
KiviSre collected more than 150 stone implements, and also num- 
erous bones of mammals, birds, and fishes, evidently the food of 
these people. 

New discoveries quickly followed the first ones, and we always 
find a particular mode of inhumation, which, I believe, still ex- 
ists, or lately existed, in some Indian tribes. The bones of nil 
the adnlta, after the total decomposition of the flesh, were painted 
in red with the help of peroxide of manganese or other sub- 
stances frequently met with in the difTerent caverns. 

The last excavations took place in February', 1892, in one of 
these caves, named Barma Grande. A communication made to 
the Academic des Inscriptions, March 4, 18il2, informe<l ns of 
the discovery, at 8 metres below the level of the ground, of three 
new akeletons, a man, a woman, and a young subject whoso dentes 
sapientite had not yet evolved. They had been buried on a bed 
of cinders, liroken fn^ments of charcoal, remains of all sorts, 
evidently the hearth on which the family cooked their victuals. 
The boy wore .a necklace formed of two rows of the vertebrne of 
a fish and one row of small shells. At difi'ercnt points hunp: 
pendants cut out of the canine teeth of slags, decorated with 
parallel striee. The man had also a necklace of fourteen canines 
of the stag, also striated. With the skeletons were found a cer- 
tain numlwr of stone inHtninienls, some of them finely worked, 
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)jiit none of Ihem polished, and some bone implements of rery 
gross fabrication. 

The man was very toll, and, if we judge by the length of the 
thigh-bone (545 millimeters), his higbt must have exceeded two 
metres {6 feet (i inches). The boy, who had not yet attained his 
manhof>d, measured 1.63 metres (5 feet S inches). We must also 
remark the extreme wear of the teeth, very apparent already in 
the boy, and which in the man extende*! to their very root. 1 
liave already said that the caves of Baousst'' Rousse yielded numer- 
ous bones of mammals, but none of them belonged to the extinct 
species, not even to the reindeer which is found in the south of 
France even nt a late |>eriod. On the other hand, no polished 
■ stoue implement was over foun<i in these caves. We can there- 
fore give these men u pretty accurate date, and place tbeir exist- 
ence, na I have said, at the end of the Quaternary or the begin- 
ning of the neolithic times. One cave remains as yet unexcavated. 
It belongs to the Prince of Monaco. Orders are given that the 
excavations shall l)cgin next spring. If they produce anything 
of interest. 1 will not fail toreport'them to the readersof Sriiucf. 

llougcmont, Sept. 2. — Sri'ini-i', Hi-pt. 2S. 



THE SHORE-LINESOF ANCIENT GLACIAL LAKES.* 

tt>- J.K.Todd, Vemiillloii, S. Dsk. 

Ah most ai-e aware, there arc areas of drift exti-rnal to any ter- 
minal moraines, the origin of which is still in dispute. On 
general principles, it would Iw expected that numerous lakes 
wouhi have tris|uently occurred during the Ice Age. As the ice 
advanced, streams would fretiuently ]>e dammed, and their chan- 
nels more or less changed, and the weight of the ice, with its 
chilling effect, in level are.as would not infrequently prcKluce a 
subsidence toward the ice, which would often become filled with 
the floods escaping from the ice, 

(icike, in his '-fee Age," last edition, draws a graphic picture 
of such lakes in central North America, Inferences derived from 
the Merjelen sea, and similar lakes in the Alps, Greenland and 
thi' Himalayas, strongly ut^e the probuliility of much larger ones 
of the same kind during ancient times. Such have been found in 

• Pnx^pedlQgB of the Iowa Academy ol Scieni-e, IBUl. 
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side moraines upon the more roocnt drift. Lake Aga3Biz,aDd tlie 
lake of the Blue Earth region in Minnesota, and lake Dakota and 
Jamealakein Dakota, readily come to mind in this connection. But 
can similar lakes he recognized in the much eroded and fragment- 
ary depoHits external to the great terminal moraines? Some, as 
one with whom I was talking a few yeara ago, when discussing 
Frof. Wrights hypothesis of lake Ohio, said, "Glacial lakes are 
a delusion and a snare," yet the same person has mapped such a 
lake in central Wisconsin. Others would refer most of theexti-a- 
morainic drift to this cause. 

One difttcnlty, and one which some consider insuperable, is the 
alisence of distinct Iwrriers and shore-lines and old water levels. 
The beaches of lake Agassis have been readily traced, hnt whore 
are there any such traceable about lake Ohio or lake Missouri, or 
anywhere upon what boa l)een called the older drift? The even, 
fiat topt^aphy impresses one with lacustrine character in trav- 
ersing the Blue Karth region, or that between !<cotlan<l and 
Miichell, S. D. ; but wc otn readily see that if a lake has been of 
transitory duration it woul<l fail of producing a plain. 

Before dwelling on a few recent obserx'ations, which it is the 
main purpose of this paper to present, let us consider briefly a few 
reasons for the common obscurity of the shore-lines of old glacial 
lakes. 

1. The surface of such lakes would usually t>e very inconstant. 
The ice would have been a very uncertain barrier. The chance of 
depositing a beach or cutting a cliff would, therefore, have boon 
small. 

2. The accumulation of shore deposits would not only be 
slight, but being made largely by floating ice would be quite un- 
equally distributed, especially in wide and shallow iakeH. Preva- 
lent winds would drive the drift-laden ice to certain shores much 
more than to others. If the lakes contaiucd islands, the more 
remote shores might receive no erratics. 

3. The difference in the ease of erosion between glacio-natant 
drift clays and the formations Ijordering them, may produce 
marked changes in topography and drainage. The regions of 
Dakota and Nebraska illustrate this well. Loose sands and easily 
eroded clay.s Iwrder the western edge of the compact and often 
I)oulder clad drift clays. While the latter are little affected bv 
rains and streamlets, the former are rapidly removcil. Moreover. 
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the former avc ^:toiili)irly subject to sliding aod sliishiag out at 
base. Tilt' nmoiint of erosion which has taken place since the 
occupation of the earlier glacial lakes way lie more perfectly real- 
ized when we learn that the protnhient high terrace found along 
the Missouri, White and Cheyenne rivers is more than 301) feet 
above their present water level. This terraee dates from the 
time of the second moraine, or possilily of the first of the 'isec- 
ond glacial epoch. " And' this terrace is much more recent than 
the lakes under consideration. An erosion, which has excavated 
these valleys to such a depth, must certainly have greatly changed 
the surface along the old lake hordci's. 

4. Yet another influence may have fre<iuentlydone much to mask 
lacustrine features, viz., orographic changes. Gilbert has rec<^ized 
this as prominent in the cases of lakes Bonneville and Ontario. 
Chaml>erlin Hnds an elevation of Champlain deposits, of 330 
feet in eastern Wisconsin, and of 5-600 feet in northwestern part 
of the same state. .\nd this has been in a much less time than 
has elapsed since lake Missouri was tilled with loess. 

So much on general principle. As may be remcmliered the 
writer has held tliat the extra- moral nic drift of the Missouri val- 
ley is proliably of sub-aqueous origin, that lake Missouri which 
deposited the loess, at an eariier slf^e was partly filled with sand, 
gravel and boulder clay; that a similar lake occupied the Red 
Lake region, from the Bijou hills to the big bend. Also that a. 
similar one covered a wide scope of country from near the mouth 
of the Moreau iiortliwanl. Hitherto, I have found rather scanty 
evidence of an old water level in the distribution of boulders 
about the Bijou hills, 5!)0 above the Missouri or 1,900 above 
the sea, and a patch of bouldery gravel and clay 510 feet above 
the Missouri, covering an acre or so, south of the mouth of 
White river, 

Tn 18SK Prof, (5. F, Wright reported the finding of something 
like a moraine along the divide south of the Moreau river. (Sec 
Proc, A. A. A. S., 1H88.) 

Tt has been my privilege the past season (1800) to traverse the 
course of Prof, Wright, with tlie same companion, Rev. T. L. 
Riggs. and to spend a few days in the examination of this feature. 

I found Fos ridge a high sandy plateau, forming the divide 
lietween the .Moreau and Big Cheyenne rivers. Upon it, and on 
its »outh slope, I found no northern erratics. Its summit, twenty 
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miles nest uf the Missuuri, is alfout 2.400 feet alwve the sea. 
Along ita aorthem alope is a peculiar flat-topped, hutt«-like ri<lgG 
ruuniiig cast and west for 15-20 miles, ita top being nearly hori- 
zontal ami alxiut 50 feet lower than the summit of Fox ridge. 

This was determined not, onlj' by several l>arometic readings, 
but by distant views from l>oth north and south. Tlie ridge is 
well covered with granitt! boulders, and drift 'l-h feet thick, but 
strange to say, no northern drift was found south of the ridge, 
except where its presence could l)e accounted for by recent trans- 
portation. The land Just south of the ri<lg(- is frequently 50 feet 
lower £han its top. This ridge is not strictly continuous. There 
is ft wide gap, particulnrly, where it is crossed by the ^' irgin creek. 

The margin of the drift 1 had not time to trace fully, but was 
informed by Mr. Uiggs, who knows the region well, that it crosses 
the Morean 23-HO miles west of its month and runs northward at 
aI>out the same distance from the Missouri for an indefinite dis; 
tancf*. Inside this margin the land nowhere rises higher than the 
margin, and it is here and there sprinkled with northern bould- 
ers, often in patches, especiallyou the higher levies. The divide 
between the Moreau and Grand rivers has an altitude of about 
2,:-t00 feet. Moat of the surface is of Cretaceous clays, and is 
mucli eroded, the alternating layers of hard and soft material, 
producing an intt-restiag Ioj>i)graphy, studded here and there with 
high, tiat-topped buttes. 

The course of the mai^inal ridge south of the Moreau is in 
line with some high clay buttes on the east side of the Missouri, 
just aUive the mouth of the Little Cheyenne, which are known as 
Welland ,l)Uttcs. They are strewn with a thin layer of boulders, 
and arc the west end of a high divide separating the Little Chey- 
enne and Swan Lake creek. Crossing this divide is a well pre- 
served ancient channel, more thnii 400 feet above the Missouri, 
and there ore traces of an old terrace ulongthe Missouri, near the 
Welland buttes, at about the same level. 

Putting these things together, we come with some confidence to 
this conclusiou: Fox ridge, with its eastern extension, the Wel- 
land buttes an<l the high land southwest of Bowdle and west of 
Faulkton, once formed the divide between the Cheyenne and 
Moreau rivers, when iLey Bowed through to the James river val- 
ley. When the great ice sheet came down the latter valley dur- 
ing the glacial period, and occupied the outermost terminal mo- 
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raint:. there was Tor a time a great lake formed north of tbis Fr)x 
ridge divide. It was deep enough to float ice -floes and proliably 
iwrgs from the edge of the ice sheet further north. These 
formed a boiilderj' beach along the margin, particularly along the 
southern side. Of the two outlets indicated, the western one 
cut down more rapidly, and formed part of the course of tiie 
Missouri. As erosion proceeded the bouldery margin Iw-'came a 
ridge, liceause it yielded less rapidly to degradation than the soft 
clays and loose sands adjaecnt. 

For this glacial lalie we propose the name lake Arikaree, uftor 
the Indian tribe whose home formerly occupied a considerable 
portion of its area. 



EDITOEIAL OOMMEXT. 

As Intbboi-aciai. Chrosometkr; a (;()rrectios. 

In an article in the August number of the Geolooist {180J). 
entitled "An Approximate Interglacial Chronometer," is an ob- 
vious error. It is jjlain U> anyone who carefully studies llie 
map given on plate vi that the "interglacial goi-ge" which is 
represented to exten<l fn)ni the mouth of Basaetts creek, on the 
west side of the river, to the mouth of Ninc-mitc creek, should 
I>e continued, anil actually was continucil, further northwanl, and 
to the mouth of Rice creek, where the "pre-glacial gorge" is 
represented to begin. If the interglacial erosion began because 
the first glacial epoch displaced the river fi-om any ix>rtion of its 
lied, the gorge tliat was the result of aueh intoi^lacial cr<)3iim 
must have begun where the displacement began. The displace- 
ment l>egan at the mouth of Rice eri'ek, at that time, and not at 
the mouth of Bassotf s ci-eek. This will make the interglacial goi^' 
estend,aBthc Trenton limestone is known on each side of the river 
to extend, to near the mouth of Rice creek, increasing the result 
that expresses interglacial time to ainiut flfteen thousand years. 

It was an oversight in the calculation, due to the use of an old 
map showing the gorge through the western limits of Minneapo- 
lis made in discussing the |)Ost-glacial recession of the falls of 
St. Anthony. The reader should understand the dotted lines 
that outline the intei^lacial gorge to be continued northward ti> 
the point where the pre-glacial goi^e Iwgins, and should substi- 
tute 15,(100 years for 0,750. 
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A Mortuary Bittkr-Sweet. 

It is gathered from a recent obitnary memoir that its subject 
in his youth was a good tny at school ; neat and tidy ; that he 
had a handsome forehead, lips well proportioned, and was crowne<l 
with fine hair \ that he had a natural and very modeat demeanor ; 
that he was born to be a naturalist ; that loyalty to truth and in- 
gennousness wore shining features of his nature (sic); that he had 
the rare experience of living nearly sixty-eight years without 
tasking an enemy ; that he proved himself an eligible candidate 
for a professorial chair; that he was elected <' without compe- 
tition " to the chair of president of an institution of Natural 
Sciences, which his biographer had held for a number of years 
h«fore ; and that at a meeting held after his death ' ' ample testi- 
mony was adduced that he had attained distinction. " This is the 
bright side of the picture, and all of it, except that which the 
writer puts in quotation marks as cited from other sources. But 
oh ! how different it is with the other side ! We learn that in 
youth he was distinguished for disobedience of his parents an<l 
playing truant ; his early medical career was soon closed on ac- 
count of neglect of duty and medical incompetency. It is fur- 
ther <]istiactly inferred, although not absolutely stated, that the 
pristine glory of the professorship of anatomy in the institution in 
which be filled that office was dimmed by his appointment. Kven his 
father thought a good sign painter was spoiled to make a poor 
doctor. He was honored by t>eing appointed a delegate of his uni- 
versity at two national meetings, without accomplishing anything 
for the credit of the institution. He delivered lectures to students 
on scientific subjects, seldom giving them the means of making 
useful application of his teachings in sui^ry and medicine: and 
he lecture<I and wrought for liis university as a means of self 
maintenance, and because it was the principal source of his liveli- 
hood. He was a member of an important committee and a trus- 
tee of an important fimd without attending to his duties. 

A la<ly of social influence made him a lion and he had the temer- 
ity to resemble some of the paintings of his biographer's Saviour. 
At the age of sixty -five work and conviviality had abated his phys- 
ical and mental powers, and he even wrote a line from which the 
interpretation could be extorted that he believed in the possession 
of an unknown power by a suspected charlatan. His works are 
principally nimtomical and of little interest to others than votaries 
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of uatural liklory, owing to their lack of applicability to indus- 
trial use. Thoagh deeply intereeted in botany, Piof. Porter di<t 
not ttiink hia knowledge profound, and Id fact a determination of 
a species by the subject of the sketch was promptly shown to be 
fallacious and corrccte<l by a lady at Bar Har)x>r. Though deeply 
interested in mineralogy fniui Imyliooil be was more than once 
taken in by dealers in minerals who wished to test his knowledge. 

His head was small and bis bmiii-weight Itelow the average, 
which dcflciency lie probably compensate*! by good digestive ap- 
paratus. He called [poetry '-rhyming stulT." and adopted the 
ethics of John Fiske. One attribute of genius be shared with 
it — I. '. , sterility. No student of natural history was ever more 
assisted. After his ileath. representatives of his university solic- 
ited an imme<)tate contrilnition of $r>(l,IHlll as an endowment fund, 
first to his widow and ultimately to revert to his university, but 
it is proliable from the failure of the etfort that the public has 
not judged the endowment ui^ent. • » * • 

The rea<1er will naturally ask of wliom this gloomy aceount is 
giveu. Was he Frof. Webster the murderer of Park man ? On 
what stage did this evidently overvalued person perform ? Above 
all, did he come to a good end ? for with the natural perversity 
which his biographer pictures it is to ))c feared that be did not. 

Tu answer let it l>e said that this singularly severe eulogy or 
friendly caeology is cntitle<l. "A sketch of the life oC Joseph 
Leidy.M. D..I,L,D.,by\V.S.W. Kuschenbcrper. M. \i,' and from 
the fact that its author has much e>t|>erlence and un(|Uestioned 
success in preparing sketches of this kind (for which tils indefati- 
gable industry in the bibliography of bis subject fits him), it is an 
example of the kind of history which one man can write of an- 
other who is his oppt)site in character and attributes ; even when 
that writer is prepareil by long service in a Pliiloso-Necrologieal 
Societ}'. It is like a photograph of a bright landscape in tnoao- 
chromatic light; still, only for those few who arc ilistinguished 
enough to invite the danger does it add a new ten"or to death. 

The TowHiH.APiiif.vi. \\\v or tiik rMTKi* St.\tes. 

The subject of the proper adjustment of the scientific sun'eys 

of the territories n-ns submitted by Congress to the Natiooat 

Academy of Sciences in 187S. The Aciidcniy was requested to 

"take under consideration the methods and cxix-nses of conduct- 
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ing all sarveye of a scientific character under thi- ^Var or Interior 
Departments, an<) the flun'eys of the Tiaod Ottlce, anil to re]Xirt 
to CongrcsB, as hooq thereafter as may be practicable, a plan for 
surveying and mapping the territoricB of the Tiiitcd States, on 
:4uch general system hh will, in their judgment, secure the best 
resultH at the least possilile cost." 

A committee of the Academy reported recommending two dis- 
tinct Imreaus or departments, under sepiiratc heads, one for sur- 
veys of mensuration, to include the t'oast and (ieodetic survey 
and the topographical work of the [..and Sun'ey office, and one 
for the determination of all questions relating 1o the geologic 
structure and natural resources of the public domain. 

The sphere and duties of the latter wei-e more fully defined: 
■ 'The best interests of the public domain riHiuin'. for the pur- 
poses of intelligent administration, a thorough knowledge of its 
geological structure, natural resources and products. The domain 
embrace's vast mineral wealth in its soils, metals, salines, stones, 
clays, etc. To meet the recjuiri'ments of existing laws in the dis- 
position of the agricultural, mineral, pastoral. timU-r, desert and 
swamp lands, a thorough inveatigati<ui and classification of the 
acreage of the public domain is imperatively demanded. The 
committee therefore recommend that Congress establish, under 
the Department of the Interior, an independent organi/jttion, to 
Ih' known as tiie I'niteii States geological sun-ey, to lie chargeil 
with the study of the geological stnictun; and economic resources 
of the public domain ; such o survey to lie placed under a director, 
who shall be appointed liy the president and who shall report 
<^lirectly to the Secretary of the Interior," 

This report was favoralily received, and the act of Congress 
which established the V . S. (ieological survey (March 3, 1879), 
included in an act making appropriations for --sundry civil ex- 
penses" has the following words; --For the salai-j- of the director 
of the geological survey, which offlc<' is hereby established, under 
the Interior Uepartnient. who shall lie appointed by the president 
by and with the advice and consent of the Senate, six thousand 
<lollars; I'rovldeit, That this officer shall have the directi<m of the 
geological survey, and the classification of the pnlilic lauds, and 
the examination of the geological structure, mineral n^sourees 
and products of the national domain, and that the director and 
niemliers of the geological survey shall have \m personal or 
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privatf inten'Sts in tin- lunds ur ntii».Tal wealth of Ihc regiun mi- 
<ier survey, aiid shall execiito n<» suneys or vxatninat'iODS ft»r 
privat« parties or corpurationfl : antlthe (ii'ological and (ieograplii- 
cul survey of tbe Tcnitorii'S, and the (ieologieal and (ieugraphi- 
cttl suney (>f the Rocky inouutain K^ion, un<ler th« Department 
iif the InU'rior. and the Geographical surveys west of the 100th 
meridian, under the War Departuu-nt. are hereby discontinued, 
to take elTeet on the thirtieth day of June, eighteen hundred 
und seventy-nine, and all coIUtctions of roeks. minerals, soils, 
fossils and object* of untiiral historj-. arehenlogy and ethnology, 
made hy the (.'oast and Interior suney, the <ieological surwy. or 
l>y any other parties for the (ioveniment of the United States, 
when no lunger needed for investigations in progress, shall lie 
deposit4.>d in the national museum. 

'For the (-xpensi's of the lieological survey, and the classifica- 
tion of the piililic lands and examination of the geological stnic- 
ture; mineral rcBourceH and pnxlucts of the national domain, to l>e 
expended under the direction of tlie ,'<eeretari- of the Interior, one 
hundred thousand dollara. 

--The pulillcAtiouH of the theological snrvey shall consist of the 
annual report of operations, geological and economic maps illus- 
trating the resourct's and classification of the lands and reports 
upon general and economic geolc^y and paleontology. The an- 
nual report of operations of the licological survey shall aecom- 
pany the annual report of the Secretary of the Interior; all special 
memoirs and n-ports of said survey shall lie issued in uniform 
quarto series if deemed necessary by the director, but otherwise 
in ordinary oetaviw. Tlin-e thotisund copies of each shall Iw 
pul)li8hed for scientific exchanges and for sale at the price of 
publication: and all literary and cartographic materials received 
in exchange shall Ih" the property of the I'niU-d States, and f(»mi 
a part of the lilirary of the organization; and the money resulting 
fntm the sale of such pnl>lications shall be covered into the 
treasun,' of the 1 nited Stiites. under the din-etion of the Sccre- 
tnrj- of the Interior." 

-Mr. Clarence King, the first dirtH'tor, immeiliately took steps 
to extend the operations of the survey over the states as well as 
the territories. This was opposed strenuously, and failed in Con- 
grt'SHOUoneor twooeensious. But liy changing the phraseok^v de- 



ly Google 



EdUoriid Ciiiimrnt. 30" 

flnin^ Ihp purjKtBo of tlic nppropriiitioii in the ■■Simdr.v Civil" 
hill, BubBtituting '- {'nitcd States'" for "national domain." tlic 
investigations of tlio (icologieal Biirvcy men' aiithorizpd in ISSS, 
to l>e carried on in the whole area of the t'nitfd States. In Hun. 
however, of the previons definition of the duties of the aurvey the 
phraseology reads: "Tii continue the preparation of a geological 
map of the United States." There was no new act. The old 
duties wen- not alirogateil. lint Boinethlng, not iH-forr authorized. 
is ordered to I* ■ -eon tinned. ' Cnder this appropriation, thus 
illy and unwittingly introdnc<'d into the expenses of the (Jovem- 
ment, tlie U. S. (Geological snrvey entered upon a vast undertak- 
ing. Not to 1k' limited to the strictly geological duties that had 
lieen defined in thu original law. the survey now organized a corps 
of topographic surveyors and engin<-ers and began a rapid acmi- 
geodetic snrvey for tojKigraphical mapping of the T'nited Slatos.as 
a liaais for the contemplated geological map of its domains. For 
this work a large amount of the annual appntpriation by Congress 
for the •■geological map of the United States'" has Ijeen expended. 
From year to year, for the past ten years the appropriation for a 
■•geological map of the Uniled States" lias been taken to mean a 
continuance of all the original oliligations and functions of the 
sur\'ey. and the conduct of a network of triangulation in various 
scattered areas in the country for later top<^rapHical mapping. 
This triangulation work has lieen filled in in several places, anil 
.maps have l>ecn constructed for geological purposes. Such maps 
are said to have cost sometimes one dollar, sometimes two dollars, 
and occasionally three or four itollars per sifuare mile of the area 
mapped. 

Congress took no action concerning the establishment of a 
mensuration 8ur\-('y, unfh-r the recommendation of the Acadc^my 
of Natnral Sciences, Frof, J, K. Hilgnrd, then su])erintondent 
of the Coast and Geodetic survey, seems not to have fully and 
fairly appreciated the situation. He neither took advantage o( 
the favorable n'cominondatibn of the Acadooiy of Sciences, in 
1878, nor in 188-f, when the Huliject was ^ain being investigated. 
<iid he adequately represent the functions and the dnties. pn'sent 
and prospective, of the Coast and Geodetic survey. Partly from 
necessity and partly from inclination, thorcfon", the topographical 
work of the U. S. (!eoli>gical survey took on the charactcfH and 
began the mapping which were the spi'cial prerogative and 
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rxpfctetl duty of tUe ulder survey. It is pl&in tbat the appro- 
priations committee expected to make further recommendations 
intended to carry out the plan of the Academy of Sciences, Iw- 
cause in the clause relating to the collections made by the v-arious. 
surveys they designated the L'osst and Geodetic survey "the 
Coast and Interior survey," in keeping with a change propost-d 
by the Academy's committee. 

Soon came murmurs of duplication and clashing of ofHcial 
functions Iwtween the two sHr\eys. This became so loud and so 
patent that Congress cn-uted a -'joint commission" to examine 
into the scientific work of the government more widely. This 
commission was apiKiinte 1 July 7, 1884. and continued its inves- 
tigation until 1886. It again oousiilted tiie National Academy of 
Science, and ttiat Ijody recommended the onation of a govern- 
mental "Department of Science," to coordinate and include the 
Coast and (leoiletic survey, the Geological aurwy, and the me- 
teorological work of the Weather bureau. Such recommenda- 
tion, however, was not received cordially, and never went into 
effect. Since then the Weather Imrcau has been transferred from 
the War Papartmsnt an'l given in charge, at h civilian bureau, to 
the new Department of Agricultun' : the Geological survey hai: 
continued to "malce preparations for n geological map of the 
United States;'" and the Coast and Geodetic survey, besides its 
transcontinentAl triangulation, has eiiop;;rated with various States 
in the constnictiou of topographical maps, and has done its usual 
coastwise work. There was no coordination of the work of the 
two surveys. The duplication is as flagrant as is possible under 
the courteous handling of two intelligent chiefs. 

It is time, however, that such waste of tri'asure and of enei^y 
lie stopped. There are two scries of independent triangulation 
being spread over-the United States, each designed to prepare for 
topographical mapping. They are not Iwimd Ut articulate with 
each other, nor to agree with each other. If they are both car- 
ried to completion there will be two sets of topographical maps. 
Tt is true that the area is so large within which thej' can operate 
that they do not yet violently impinge on each other. The States 
that elect to o<Joperate with the Coast and Geodetic survey in the 
conatnietion of their topographical maps, now some fifteen or 
tnenty in number, are, for the most part, let alone, in this regard. 
by the U. S. Geological survey, while those which have attempted 
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to use the tiipographicul ahcpts of the U. S. Ueulogieal survej- 
have been compelled, in aotne instances, to abandon the atteuapt 
and to construct new shoets from independent triangnlation — or 
at least from ditTerent data — or they have made geological maps 
without extensive to{>ographie data. 

We do not hesitate to say tlkat it was a s<'rii>iis and far-reaching 
mistake when the U. S. <!eologieal survey, contrary to the recom- 
meDdalioii of the National Academy of Science, nn<I in addi- 
tion to the great work it had on hand in the examination of the 
geological strnctnre and the natural mineral resources of the 
country, entered upon tlie geodetic and tojK^raphical surveying 
of the national domain. Tn brief, our reasons for this opinion 
arc : 

1. There wsis alivady in existt'nce fully er[uipped an efH- 
cient oi^tanization engaged in such work. It only needed re- 
enforcement and authorization, to have pt-rformed this topo- 
graphical work for the whole c'umtry with correctness and dis- 
patch. 

t. The duties of the (itsological survey, as deflned in the con- 
gressional actH n-lating to it, ure ample for the functions of one 
bureau. 

3. We know of no precedent for it ; but so far as example 
goes its influence would l)e oppo.sed to it. The topographical 
mapping done by the early territorial surveys was discontinued 
by act of Congress, and no state survey had, at that time, entered 
upon topographical mapping under n law ordering simply a geo- 
logical survey. The British ("rcologieal survey does no topograph- 
ical mapping, but receiies such maps from the Ordnnee Depart- 
ment. 

4. TIm' country demands more accurate work in geodetic 
measurements and more exact mapping than the Oeological sur- 
vey professedly aims to perform, A good toi>ographical map, 
such as thosi^ constructed by the Coast and Geodetic survey, 
while costing perhaps ten dollars per stjuare mile, is what the coun- 
try needs and must have, and would answer many other pur|K>ses 
than for the mere delineation of the geological structure. It 
would Ijc of service in the Post Office Department, the Tinnd 
Office, the Weather Imreau. and esiwcially in the War Dei>art- 
ment. All economic and industrial, not to say etUicntional alTairs 
would Ijc aided bysuch nmnp. On the contniry thetopiigmphieal 



D,oilizB<:hyGOO<^IC 



81<t The AiitericoH GeologUl. sov™her,i«M 

mapH now )>eiag constrnolcd liy the Ueological aurvoy, are not 
claimed to l>e suited for anything else than geolf^cal parposos, 
aa<) arc not distributed as top<^praphical maps. Thoy would not 
du credit to the country should they \tK distrihutetl as such: and 
it may not lie too much to say that ultimately they will l>e dis- 
carded even for ^ologieal purposes, and the gi>ological structure 
nill liave to l>e delineated again on more accurate maps. 

5. The diversion of tbe funds provided for the grofuglciil sar- 
fg of the United .States into the construction of a topographical 
map. It may t>e itaid, with a semblance of truth, that a correct 
fH-oIogical map cannot ))e made without a previous topographical 
map. But the won! eomel here is susceptible of shades of 
lueaning. Many "correct" geological maps have been made 
without any previous topographical mapping. For the purposes 
for which the geological survey was created, very simple mapn 
cimtd lie constructed, and, as defined in the original law, they 
would "illustrate the mineral resources and the classification of 
lands." 

fi. However necessary a topographical map may tie to a geii- 
logical map of the I'nitcd States, it was not contcmpiated in the 
act of Congress which establtsheil the (Jeologieal sur\'ey, nor in 
Hu1>se<|uent appropriations till 188U, when the appropriation was 
made after a lengthy investigation, when the affairs of the Coast 
and (Jeodelic survey were in a very unsettled condition ; and when 
the Geological survey, under the impetuous lead of an enclitic 
director, had secured from a committee of the National Academy 
()f Science a recommendation not to disturb the ttuint 4f«<, ol the 

i now are adequately maimeil. and we are 
confident that the plan of the National Academy of Science 
should hi: fully carried out by such legislation as would transfer 
the entire outfit and all the employes of the topographical branch 
of the (ieological survey to the 'Coast and Interior Huncy,*' 
ami the whole to the Department of the Interior. There should 
U' such coordination that in no case would there l>e a duplication 
of t!ie work. The Geological survey should follow the work of 
the mensuration survey — so far as its mapping is concerned — an<) 
in the meantime it should concern itself with the investigation of 
such scientific and economic problems as tlie geology of the coun~ 
try presi'nis — and they are myriad. 
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Third Atmual Report of (A« Qoologieal Button of Texat, 1891. E. T. 
DUHBLK, Btate OeologiBt. Austin, 1863. 8to, 410 pp. 

Besides the general administntion report of Mr. Durable, this volume 
embraces the following papers: 
Houattin Countj, by W. Kennedy. 
Section from Terrell to Sabine Pass. W. Kennedy. 
Llano estacado or staked plains. W. F. Cummins. 
Notes on the geology of the country west of the plaiDs. W, F. Cam- 
Stratigraphy of the Trlasalc formation In Northwest Texas, K. F. 
Drake. 
Report on the paleontology of the Tertebrata. E. D. Cope. 
Shells collected In a dry salt lake near Eddy, New Hexico, by V. Sterkt. 
Reports on the Cretaceous area north of the Colorado river. J. A. Tafl. 
Trans-Pecos Texas. W. H. Von Streereewltx. 

Of these, the papers that possess the greatest general Interest are 
those of Hr. Tafl and Hr. Cummins. Mr. Cummins made the entire cir- 
cuit of the area of the "staked plains" and at their western bound he 
left them for a short trip into New Mexico, foljowing the old route of 
travel where Hr. Jules Harcou passed la 1B5S in the service of the 
United States In the survey of the line for the Southern TraoBcontinentat 
r^lroad. The age of the beds of Tucnmcari has been a matter of dis- 
pute ever slpce the report of Hr. Msrcou, who made them Jurassic. 
[See a review of the subject In the American Oxolooist, Vol. Iv, Sept., 
Oct., I88B.] Mr. Marcou's determination hss been sustained by Capt. C. 
E. DuttoD, Prof, A. Hyatt and Prof. Robt. T. Hill, but opposed by Prof. 
James Hal] and Dr. J. 8. Newberry. Hr. Cummius collected a great 
number of fossils from the vicinity, but they have not yet been thor- 
oughly studied. He, however, gives a list which have been Identified 
with Cretaceous species. 

The following is a list of fossils collected by bim from the beds In 
dispute "In the vicinity of Tucumcarl and Pyramid n 
Oryphait diiatatu, var. lueumrari Marcou. 
Ottreit mar*hii as determined by Marcou. 
Gryphaa pitcheri Horton, 
Eiogyra trxana Roemer. 
Ottreit quadripiici'la Shumatd. 
Trigoiiia tmoryi Co a. 
Cardium hilkinum Sow. 
Oytkerfa leonen*i» Con, 
Turrilellii teriiitim-granuliilii Roem. 
Pinna sp. 
AmTnoailn. 
PteUn. 
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With tbe exception of the firat two these have been referred repeat- 
edly to tbe CreuceouB (Washita and Fredericksburg divieions) in Texu. 

The discovery In the same strata of a fouil angioBpermoua plant, 
which Ur. Cummins Bj^ures and describes under the name Sterailia 
lirakei is considered auftlcient evidence of the Cretaceous age of the 
strata from which it came. 

The sections here compared and thought to belong to the Cretaceous 
are as foliows: 

Psiraml'l Mounlaln Tiicutaeari tHOuntiilH 

hj Ub. ILmcou. by Mb. Cikkiiib. 

1 While Unieelone a feet 1 While c]s;ey llmubiiip wta«t 

a Yellow llmeatone 50 ■' a MaBslvc »«n.' " " 

SBIneclur 90 " S SbKlp (blnei 

i«iveiall 

I Whiteundstone » " S Bliia dV- * " 

T <lrayi>h blue rlay 1 " T Purple clij' H " 

H V»rl^!Sted lusrls WW " K Arenawon* cUy 1 " 

ToWl SMtrrt W piuiile eUv'.'.'.'. '.'.'.'.'.'.'.'.'.'.'.' '.'.'.'.'. I« " 

11 Light red el^ 30 " 

i* Dark ml cUj M " 

Total SDIfeet 

These sections are about ten miles apart, according to Mr. Cummins, 
but tbey are found in a region that nmbraceB several other similar hills 
ail of which are referred by both Cummins and Marcou to tbe same 
geologic horizon. If we understand, contrary to the statement of Mr. 
Cummins,* but apparently in harmony with his general argument, that 
tbe "blue clay" horizon (No. 3 above, of Marcou) Is tbe stratlgraphlc 
equivalent of his "shale" horizon (No. 3, of bis Tucumcari section), and 
not of his No, B, snd ignore tbe enormous thickening of Mr. Cummins' 
No. 4 (his supposed Trinity sands), theqe sections present a reasonable 
degree of stratigrapblc resemblance. We Infer also, as argued by Mr. 
Cummins, that In Mr. Harcou's section the word "limestone'* in No. 2 ts 
a misprint for tandttone. Tbe thickening of the sandstones of Cum- 
mins' No. 4, which may be considered tbe equivalent of Harcou's Nos. 
4, 6 and 6, is not an unwonted circumstance in the composition of 
coarsely frsgmental formations. 

The settlement of the disagreement will have to depend on the fossils. 
In the light of the fosstls named by Mr. Cummins, the beds seem to be- 
long to the lower Texas Cretaceous, but the question is not settled 
whether the lower Te.^as Cretaceous, particularly the Trinity sands, is 
Cretaceous or JuraBslc. Mr. Hill, who revolutionized the Cretaceous in 
Texas by adding to it the Comanche series including this member, has 
given a listof Its molluscan fossils in his Arkansas Teport,t remarking 
that they bear "remarkable resemblance to forms from the upper Pur- 
beck and basal Neocomian or Wealden beds of Europe," Mr. Uarcou 
has reviewed this list of fossils^ and made such changes in the identiH- 
cations that they are all made to appear Jurassic. In short, Mr. Marcou 

•"Tbe only blue elay bed In tbe vlcliilty le that In nblcb Ihe [oacU zone ol the Grf- 

•/I'cnoioir Oeologil nf tovlli irturrm Artan4ai. rhanlri- -rtii. Anrnial rfiHul of tbe 
lleologlcnl Snrvpy otArktnn- for INKS, Vol. i:, 1»W. 
^AsEKirAN Oeoi.ooiat, Vol. IV, Dec,, IS8!>, pp. 391.317. 
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kfflnns that the Trinity diviHlon of the Comuiche of Hill, la the equiv> 
alent of th« upper, and perhaps of nearly all of the European Jnrsaalc 
These Trialtjr Bands being below the Tucumcari beds (i. f. below the 
blue clay coat&inlng the &ry;)A«if dt^f"((r, I'ar. (ucumciirt Htrcou), must 
belong to the Jura provided the Tucumcari beds belong there; and, 
per contra, the Tocumcsri bailB must fall into the Cretaceous If ttie 
Trinity eaads belong there. Now Mr. Cummins refers his fossils to the 
"Tucumcari beds" as he has defined them, i. e, to some sandstones that 
are actually above the horlson of Oryphatt diUitata,vnr. turumcnri,aiid 
be paralletUes them with higher portions of the Comanche, viz., with 
the Washita and Fredericksburg divisions. It seems quite likely that 
Mr. Cummins is correct In assigning those upper strata to the Cretaceous 
but the chief point of contention of Hr. Harcou, touching the under- 
lying strata, viz., Hr. Marcou'e E, T>, C.uid B, or Mr. Cummins' Nos, 4 
and 3, seems not exactly disprovetl, and these may still remain In the 
Jurassic, at least until Mr. Cummins defines more closely in what por- 
tions of his Tucumcari beds he found his fossils. 

Hr. Cummins' report Is a very valuable one, and hears stroagly prim" 
f<ir,ie against the Jurassic In Pyramid mountain. 

Mr. TalTs report on the Cretaceous area north of Ihe Colorado river 
agrees with that of Hr. Cummins in placing the Trinity sands In the 
Cretaceous, and he gives a diagram (p. 392) illustrating the unconform- 
able position of Bosque Cretaceous upon the paleozoic, with the "Trinity 
phase" at the bottom. The Trinity sands proper he shows are not an in- 
dividual entity Id the stratification, hut are closely knit witli the Gleu Rose 
and Paluiy, these making a three-fold formation which he distinguishes 
as the Boeque division. Overlying the Bosi(ue division are the Fred- 
ericksburg aod the Washita divisions. It Is a noteworthy distinction that 
Mr. Tafl only flnds the Gry^<tapitfhtrivaAXis.^Ringyrii (wunc, character- 
istic fossils of the Cretaceous, In the upper dlvisionB (p. 281). "The lowest 
limit of these fossils marks the upper limit of the Bosque division." 

In tbe Bosque division is a different fsuna, but few members of 
which extend into the higher divisions. In addition to the Q-i-ypkin< 
diUrlat", var. luttiTMort Harcou, which Mr. Cummins admits cfuinot be 
the same as the G. piUheri of the Cretaceous, and ntilch is a foesll char- 
acteristic of theEoropean Jurassic, and the fhti-eii Hi"r»fti which Mr. 
Cummins has not had opportunity to compare with European fossils of 
that name, both of which may be referretl to the Bosque division. Mr. 
TafF enumerates the following fossils from this division. 

1. In the Trinity sands; Trlgonia, AmmoniteH, "Omrea beds," {p. 2fl5); 
Ostrea franklini (pp. 207 and 310); Ostrea cameliniH (Hs. of Cragin), 
pp. 808 and 807; Trunks of trees much siliclded, also changed to lig- 
nite, constituting veritable driftwood, (p. 310). 

',i.,ln tbe0f«n RtM member; Monopleura, (inniolina, Caprotina (Ite- 
qulenia) penguluscula, Exogyra, Ostrea, Area. Ostrea subquailrota (p|). 
297-299): "Area and small Ammonites, allied to A. pedernaies Itoemer, 
and Nerinea occur abundantly In tbe marly line." /. e.'io Ulen Hose 
(p. 304); Ostrea camellnis Cragin (p. 307); O. franklini (p. :!I0); Cardium 
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medUle, Katlim, Cynax, Goiiio]iiia(p. 318); AnomU (p. 315); TuirltelU, 
C^rdinin mediate and C. hlllanDm, Pleurocera, Berpula, Trigonia crenn- 
laU (pp. 3ie, 817); Cardlum mediate (p. S37). 
8. In the Paluxy memt*er; no foeBitfl are named from tbe I^alazy. 
Theee Trlnltj' fossitH can none of them be pronounced Cretaceous by 
rererence to anj undoubted Btandard of comparison. Tbe genus Tri- 
goulk ranges from the Llaa to the Chalk, Ammonites from the Oulite to 
tbe present. Ostrea frankllnl was placed In the Cretaceous by Coquand 
without any authority wtiatever, ezcept a surmtse by Mr. Marcou that It 
was obtiined "aomewhere near the locality of Gryphira pltcheri." It 
was published In the Arkansu geological report of Owen by Mr. E. T. 
Cox, without any description, only the Illustrated plates having been 
found after Owen's death.* Ostrea camelinla, of the manuscripts of 
Prof. Crsgln, being a new species has no authority as a guide to the age 
of the strata cont^nlng It. 

In theOleu Rose memt>er, which by Prof. Hill was not associated with 
the Trinity but was retained Id the Fredericksburg division, the reported 
species are more affiliated with the Cretaceous, but there is not yet 
Bufflcient volume of a diitinctWely Cretaceous fauns to carry its assigo- 
ment to thst age beyond the limit of doubt. A large fauna is given the 
Frederick sbiirg division by Prof. Hill, but it is uncertain what part of 
it belongs In the Qlen Rose division, detached from the 'Fredericlcsbarg 
by Hr. TafT and placed in the Bosque division, but It appeals to be but a 
meager portion of It — probably thst which Mr. Hill has embraced in hU 
"basal beds" of tbe Fredericksburg division. However, HrTafl mentions: 
Moncpleura, maybe either In the "basal beds" or the Caprina lime- 
stone of Hill. 
Ooniotinii, in magneslan limestone, with bivalves and gasteropoda. 
Cuprotinii {Requienia) penguiutFuUi, apparently a fossil of the "lower 
beds " and of the Caprina limestone. The genus is found Id the upper 
Oreensand of France. 
Exogyra, \a the baaul, alternating beds. The genus also Is found much 

higher, as well as !a the Jurastic. 
Otlrea, ranges from the Juransic upward. 

Atm; ranges from the Trinity sands to the Washita division. 
"Oitrea tvbguadraia." Thin bedded limestone. Not mentioned by HUl. 
Amrmmile). Kanges from the Lias to the Chalk. Hill gives A. peder- 

n&lU Von Buch, In the Comanche Peak chalk. 
Nerineii, is a Jurassic genus. 

OttTta caTiulinit me. of Cragln. From the Trinity to the Olen Rose. 
Ottreafiankiim Coq. is abnndant In the Trinity. 

Cardiwa tmdiait. Is given by Hill only for the Comanche Peak lime- 
stone, which is next above the " lower beds," but Hr. Taff found It Im- 
mediately above the Trinity sands, and therefore at the base of the al- 
ternating or "basal beds." 
Niilica. Ranges from the Devonian to the present time. 
Cyreiui. A fossil of the Weaiden, ranging upward. 

•rhlt \r on tlie ■uUmeiit of U r. Marcou, AmsiciH Qeouidist, toI, iv, ]i. %«, vm. 
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Anomiii, ia » common foasil of tbe upper beds of the Jtuasslc, Hr. Hill 

gives ddIj one Bpecies (ind.) in ttiia uncertain horizoti, and tbat Is In 

th« Trinity sands. 
TurritdUi. Is a good Cretaceous genus, and if correctly identifled goes 

far to prove the Cretaceous age of these beds. Mr. Hill has it ruaniug 

from the "lower beds" of the Frederichsburg division to the Navarro 

beds in the upper Cretaceous. 
Ciirtliiaii hiUiinum. Also ranges from the .Jura to the Chalk. 
Pleuroeera. Found also in the Trinity (Hill). May be a Cerithium or a 

Xerinea, both Juruetc genera (Marcou). 
Serputir. Basal beds. Not mentioned by Hill. 
Trigonia rmnulntn. According to Hill ranges fr«m the "b»s»l beds" to 

the ComnDche Peak chalk. 

The Olen liose member is wedge-shaped and runs out toward the west 
allowing the Palmy to lie directly on the Trinity, when the Paluxy Is 
preserved. In other esses both the Qlen Rose and the Paluxy are want- 
ing, and the "Texana tied," of the Fredericksburg division, then comes 
immediately into superposition on tbe Trinity of tbe Bosque division. 

Notwithstanding this break in the order of at rati fl cation, which, how- 
ever, Mr. Tafl does not seem to consider an unconrormlty of tbe Freder- 
icksburg on the Bosque, but rather an incident of continuous sedimeota- 
tlOD, and notwithstanding the partial alliance of the fauna with the Jur- 
assic, and the noa-characIeriBtlc features of the other' fossils he has 
named, Mr. Taft assigns the Bosque to the Cretaceous on the following 
grounds: 

"That the Trinity sand is Cretaceous and represents the littoral depos- 
its of a part of the lower Cretaceous series, has evidence in the f&cts that 
its beds abut against the pre- Cretaceous continental contour; that its 
beds conform to and blend with the undoubted Cretaceous Qlen Bose 
itmestones; that Its component materials are local, and have their origin 
in tbe paleozoic as a strictly near-shore rock ; and further, that it con- 
tains fossil faitiw and flora that range through superimposed beds of 
sand and limestone." 

There is, however, room to question whetber the Qlen Hose is "un- 
doubted Cretaceous," and whether all the other "facts" mentioned 
would not hold true of the .Tura, In case tlie Jura were supposed to ex- 
tend to tbe summit of tbe Bosque division, or at least to the summit of 
the"lower bedB"of Hill. 

We know nothing of this subject from studies in the field. We take 
the facts and all tbe evidences as they are given by others. We have 
endeavored to call attention to the principal point of difference between 
Mr. Marcou and Messrs. Cummins and Taff, and we are constrained to 
conclude that the question ia still an open one. Hr. Cummins' fossils 
seem to be from strata that lie above the actual Tucumcari stratum, 
although still embraced in beds which Mr. Marcou placed in the Juras- 
sic—indeed Mr. Cummins admits that he "did not find tbe Cretaceous 
fossils below the Qryphwa [tucumcari] beds." Therefore they were 
from strata above, and as some of them are Identical with those which 
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Mr. TalT finds in the Fredericksliurg diviaiou, asBociated with Grgphaa 
fliti-heri, they h&ve no bearing on tbe Btnita which Mr. Marcou claims 
have unimpeachable evidence of Jurassic ftfce- He did in his original 
paper represent the whole of Pyramid mountain as Jurassic, above his 
stratum E, but he has not claimed, so far as we have learned, thatuiy 
strata containing ttie Fredericksburg or Washita fauna are of Jurassic 
age. Id Pyramid mountain these upper strata afforded him no foBsils, 
and his assif^ment of them to the Jurassic was baaed apparently largely 
on topographic cousideratioDS. Mr. Cummins' argument can only apply 
to these upper strata, and he seems to have proved, by the aid of Mr. 
Taff, who has defined the position of his fossils more exactly, that they 
are not in the Jurassic* 

By this report, of which other chapters, though perhaps equally mer- 
itorious, no special mention can be made here, it is seen that the Texas 
survey is making substantial and even rapid progresa in the fleld'work, 
and is elucidating tbe geology of a large and Interesting aud dltflcult 
section of the union. The ensemble of the volume Is very creditable, 
the Illustrations and maps are excellent. We only notice occasionally 
In Mr. Cummins' report, an ungrammatlcal use of the word " stnta,"* 
'Wlilch cannot be wholly the fault of the proof-reader. 

Some Tfrii- Sptrus and Neie Struetural Parti of Fosailt. By S. A 
Hii.LRB and CnAittsB Fades. (Jour. Cin. 8oc. Nat. HIbL, ToI. xv, No 
3, July, 1892.) In this paper the authors describe at new eight paleozoic 
species of fossils under names and from rocks as follows : Modioloptit 
eori-ugata, M. longa, M. luleuta, Orthodetmit mundwn, ProtoKcltx magnut, 
and Cyclocystoides cinctnnatiensls, from the Hudson Rivet group of 
Ohio, HolocpatiUt iijfinit from the Niagara group of Indiana, and Atica- 
lopeclin gfrmtinut from the Coal Measures of Kentucky. Besides, the 
under side of a specimen believed to belong to AgeUnerinut piUut is de- 
scribed and new details of structure ara brought out. The paper is ai:- 
rompanied by a plate containing eighteen figures. 

A critical examination into the merits of tbe new forms seema to show 
a too great confldence of the authore in the obviousness of the peculiar- 
ities of tbeir species. We miss, namely, sulBcient comparisons with re- 
lated species, a criticism that may iustl; be made on most of Hr. 
Miller's really valuable previous productions. As a rule we regard it as 
not only good practice but almost a necessity for the author of a new 
species to supplement his description with full comparisons with related 
species, since these are a great aid iu the always difficult task of Identi- 
fication. For Instance, it would have been most desirable to learn from 
the authors just in what respects their Modioloptit eorrvgata diSen from 
the similarly marked Jf. plvolaiUformU Hall, and M. capax Miller. As It 
Is, we must conTess that we are strongly inclined to doubt that these 
three nanies stand for as many good species. 

.V. longn agrees In a general vray with M. oblongii and M. aubpiinUlela 
of Ulrich, but seems to be even more elongate and with the point of 
greatest convexity nearer the posterior end. On the other hand, there 
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«re points In the dMcriptiOD «nd figure that mue as to think it poaribl* 
thM their flpediMn U not a tme Modiolcptit, but rmther an Orth»dfm«. 

M. tvUala immmm to be a sharply d)attngulBh«d apMlM, but the OrMtf- 
dtwma viun i t tm , aa lUurtratcd, has a general expveMi<»i deddsdlj like 
ModicUpii* annduntaide*, M. eiitei*»nlifHMt and oth«r specleB of that 
tfpe. The illuatralionH of thnsa flhells bare evidently been drawn by 
one nnaccuatomed to do natural history work. The specific character* 
are rather iodeflnitely brought out, iaA reasonable reatorationB of oat- 
line, perfeirtly justifiable, might have been att«mptad with profit. 

We fail to tee any grounds whatever for Beparating Proteteola moff- 
nv« from Ulrich'e P. omatut, since the claim that their species la larger 
than his rests upon a misapprehension. In all other reapecta they are 
identical, and Ulrich's Beasuremeots indicate a slue scarcely If at all 
Inferior to thoae given for P. mngnu: 

As to the merits of Cj/eht^Hoidet finriimatieiuii and Jlohevttitft af- 
JSnix, little can be aaid, since they belong to genera trf which very differ- 
ent opinions prevail respecting their specific variability. According to 
onr esperience, species of these genera are numerous enough, but Indi- 
vidoais of the species aeero to be rare. 

Geologieal Surtfg of Mifouri, Artrl'r Wihslow, slate geologist, Tht 
HigffitutilU thetl, in Lafaifttte (^uittjf. 17 pp. folio, map and page of 
geolo^cal sections. Publlahed by the Geological Survey, Jefferson City, 
April, 1SS2. 

This report and map, and the plat of sectlona, are bB»ed on good work, and 
they are finely executed',/or their ti/id. But their kind U very bad. It baa 
been, and Is still, to some extent, the practice of state geological surveys 
to publish targe maps, or large sheets of larger maps, which are enclosed 
in a roil, or in a case which Is entirely separated from the descriptive re- 
port. The two get tar separated, and generally the niapa become lost, 
or at least greatly damaged by (he ditflculties of handling. Thus the 
value of the reports themselves U lessened or lost. We Instance the late 
publications of New Hampshire, Ohio and Wisconsin. Prof. Winslow 
has endeavored to obviate this inerltable separation and damage bf 
printing the report on the same sized page as the large map and issuing 
them together as one document. But in our opinion he has only In- 
creased the objections to the large folio (or sheet) sice of publication 
They will of course not become separated, thus bound in one cover, 
but the common user of itucb reports will have the trouble of handling 
such a sheet many times Increased. Common Ilbrarj' shelves will not 
accommodate such a document, snd yet it should Ik in as ready reach as 
a book on a library shelf. We like the plan of the MinneMta and Penn- 
sylvania surveys (2d survey) which Is the converse of this, vir.: The 
maps are planned to be the size of the l>ook-page (large quarto) includ- 
ing only a county on each. These are Imund Into the book and are In- 
separable from it, and are always handy to consult whenever the report 
is read, and being of ordinary size the maps and the text can always be 
kept in convenient place with other iKtoka; and the maps themselves 
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when thej' are all nutde, can be bound together separately in form of an 
atlas with briefer accompanying d«acriptions, if desired. In other 
words we should make the cvanty the unit of mapping, just as It is the 
civil and ^ograpbic uDit, and If the scaiea differ it la of no moment, 
since generally, eapaciaUy in all weatera states, the towDshipa are cut 
by sectton lines which on the face of the map constitutes a tcale of mikt 
for every map. Thus the map ia always handy and will last as long u 
the book ita«if. 

Blratigraphy and Sueeettion if the Roek» of the Hierra Ifetada ef Cali- 
fomia. By James E, Milia Bulletin of the Geological Society of 
America, Vol. in, pp. 418-444, with map; Aug. 8, 1802. This description 
of the northern portion of the Sierra Nevada between the North and 
Middle forks of Feather river ia a summary of the author's obaerrations 
during many years as a mining engineer. The accompanying map 
shows the rock formations on the greater part of an area of six town- 
ships from east to west and four from north to south, lying In Plumas 
county, immediately southwest of the Taylorville district and Ml. Jura, 
which have been described in the same volume by Dlller and Hyatt, as 
noticed In the September Geoi,osibt (p. 188). In this northern part of 
Its extent the Sierra is double, consisting of eastern and wesem divla- 
ions, the latter being in the course of continuation of the axis of the 
Cascade range, to which It is nearly related by Its geologic features. 
Barometric measurements in the district mapped give the hight of 
Oiizzly ridge. In the eastern division, as 7,052 feet above the sea; of 
Spsnlah peak, the culminating point of the wesfem division, O.fOO feet; 
and of an intermediate mountain called Claremont, 0,062 feet Con- 
tigoouB valleys are between 8,000 and 4,000 feet. The norihera end of 
the Sierra Nevada rises thus only about half as high as Ht. Whitney and 
other peaks near Hj southern end. 

The present altitude of this mount^n range is ascribed principally to 
Tertiary and Quaternary uplifts by faulting; but the axes of great«st 
uplif^ng coincide approximately with those of previous ranges within 
the same area. "Repeated orographic movements have taken place 
along the same axes, and recurring uplifts along these axes have fol- 
lowed recurring erosion. In this way a pre-Mesozolc range arose, carry- 
ing up iKith crystalline and metamorphosed sedimentary rocks, and pai- 
tially disappeared through erosion and subsidence; then a Mesozoic 
range arose and its strata became uptUted, and it in turn was reduced 
by erosion and subsidence to very small proportions (in its Dortbem 
half, at least, nearly or quite to base-level of erosion); and then in Ter- 
tiary and Quatemaiy time has arisen the present range, which la now 
undergoing its erosion, but whether It is now rising or subsiding ia not 
determined." 

Granites form the greater part of the pre-Heaozolc rocks of the Sierra 
Nevada, making up the core of the range and of each of its two north- 
ern divisions; and they are overlain by metam Orphic states and quartz- 
ites, which may represent several Paleozoic periods. 
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The metamorphlc Mesozoic rocks beloog to the J Drastic and Creta- 
ceous periods sad comprise bd apparently conformable series of sedi- 
menta and lavas several miles thick. The sedimentary rocks are princi- 
pally slates, often altered to quartzltes, with some limestones. In the 
lower part of this series the principal eruptlves are diabase and green- 
stone, products of alteration of moderately basic lavas; and In the up- 
per part, where the lavas were very basic, they are more or less com- 
pletely altered to serpentines. 

The prevailing strikes are parallel to the general trend of the range 
and of the coast; and the dips are m^nly between GO^ and vertical. 
Hr. Hills has notobservedcurvlngfolds,and therefore concludes that the 
strata at the time of thetr tilting experienced much shearing on approxi- 
mately horizontal planes of overthrust, and that the Bubseiiuent upheavals 
have been chiefly by the faulting of mountain blocks. Neither has he 
found any unconforml^ of dip and strike between the pre-Mesoxoic 
and Hesozolc groups of metamorphlc strata; but they were doubtless 
separatedbyalong period of erosion and subsidence. Upper Cretaceous 
(Chlco) and Tertiary beds at the western foot of the range dip westward 
at low angles, Indicating that the greater part of the tilting and meta- 
morphism took place during some stage of the Cretaceous period, which 
Becker, from his study of the few fosslUferous horizons, believes to have 
been at the close of the Oanlt epoch. The tilting was attended with 
mueh fisauring and the formation of veins of gold-bearing (tuart/ and 
pyrite. 

The Otologi/ of the Oraig Meuntairu, itoaUina. By J. E. Wolkk. Bul- 
letin, O. S. A., Vol. Ill, pp. 449-492; August 8, 1892. The Crazy moun- 
Mins, an isolated range 40 miles long from south to north with a width 
of IS to 20 miles, lie almut SO miles east of the easterly border of the 
main range of the Rocky mountains, and attain an elevation of 11,000 
feet above the sea, the difference in level between their summit and base 
averaging perhaps 4,000 feet. They lie close north of the Yellowstone 
river, and are conspicuously seen from the Northern Pacific railroad 
for many miles eastward from Livingston. In structure they are com- 
paratively simple but unique, being probably, as noted byUpham, the 
best known example of the type of mountain ranges which have not 
been made by any definite process of mountain-building but are simply 
remnants of extensive uplifted areas that have been deeply eroded. 

Nearly horizontal Cretaceous rocks form the principal mass of the 
range and reach far eaatwanl in the great plains and westward to the 
frontal line of the Itocky mountains, where sharp uplifts expose the 
older rocks. The strata of the Cnuy mountains consist of sandstones 
and occasional conglomerates, interat rati tied with shales, and appear to 
be wholly referable to the latest Cretaceons or Laramie epoch. Erup- 
tive dikes in wonderful profusion and variety cut these strata; and In- 
trusive lava sheets and laccolltes, up to a thickness of 865 feet, are in- 
terbedded with them, but no evidence of surface flows has been found. 
The more enduring igneous rocks preserved this range, tt-hiledenuda- 
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UoQ to the vertical deptb of oearly a mile reduced all the surrounding 
country to a bMe-lB%'eL 

. The head gtream of ShiciUs river, a ttlbutaty of tfae Yel1owat<me, has 
cm a d«ep valley in the w«atera side of the nuge, dividing It 1dU> 
southern aad northern halves. The aouthem part, which is the higher, 
has QumerouB sharp, jagged peaks, from vtaich the streams flow radialljr 
outward to the west, south, and east. In adnnCiR^ up any of the val- 
leys, it is found at first comparatively broad and bontided t^ high blufls 
of nearly horizontal Muiclstones; on approaching the centnU^ peaka, the 
valley becomes narrow, and the stream descends from a higher level 400 
or 600 feet by cascades and falls: and beyond this the valley again 
widens somewhat with a more gentle slope to its head. The "fall-line" 
Is found OQ all the radial streams, and is due to the local hardening of 
the sedimentary Laramie rocks by a central stock of coarsely crystalline 
diorite, which is irregularly oval in outline and about six miles wide at 
its greatest diameter. From their contact with this stock the Laramie 
strata, dipping gently outward, are hardened and metamorphosed to a 
distance of about a mile. The central portioo of the diorlte is cut by 
masses of a light-colored, floer-gruned gruiitite. 

"It is surprising," writes Dr. Wolfi, "to see the similarity between this 
Tertiary diorite and granite and the Paleo/.oic masses of aimiiar rock 
found exposed on the old eroded surfaces of the Atlantic states, ss, for 
lufitaoce, on the northern shore of Boston. In both cases the same 
black patches are seen in the granite, referable here to enclosed dioritlc 
fragments, and the same altemationH of basii: and acid rock in streaks 
or 'Schlleren' with parallel flow structure. • • • • The diorite 
stock as well as the adjacent Cretaceous rocks are cut by later vertical 
dikes of diorite-porphyrite and allied rocks: these dikes swarm in tba 
contact zone, accompanied by horizontal and oblique sheets of similar 
rock. Mr.J.P. Iddings, who visited this place la 1801,flndB that the 
vertical dikes, both In the stock and in all this part of the range, have a 
general radial arrangement, with the diorite mass as an approximate 
center, repeating a fact observed by him in a smaller diorite stock in 
the Yellowetooe mountains. These long radial dikes extend outward 
even into the benches at the southern base of the range." 

In the northern half of the range and its outlying buttes, the most 
prominent of the eruptive rocks, first collected by Dr. Wolfl in 1883, is 
"found to be composed of feldapM (in part tricllnle), auglte andnephe- 
Ilne, with biotite, nodalite, magnetite, olivine, leglrlne, etc., accessory; 
as an abyssal intrusive rock with the mineral combination nepheline, 
soda-lime feldspar, it filled a gap In the classlflcatlon of Professor Rosen- 
busch, and was called by him 'theralite', as the first undoulited represen- 
tative of this family." 

In conclusion, the author speaks of these mountains as an easily ac- 
cessible and magnificent fleld for further geologic and petrographic in- 
vestigation. "From Livingston or adjoining stations on the Mortbeni 
Pacific railroad it is an easy day's drive to the foot of the range; tha 
canyons of the larger streams on the east side are easily accessible by 



^chyGOOt^lC 



Jiei'ieir of Secent Oea^'H/'fal Litemture. 321 

horseback uid U. tite entnuice eveo by waxou, And It is possible to ride 
to the falls in the contact xone. The outlying tbenilite buttes can all bie 
viB)t«d by wagon," 

"Oeologie de I'aneiMiTi^ OotomMe, Sotirarienne, Vearxuela, NmrttUe 
^rrmuia el Bruador'^ par Hkruak Karbtbh, Berlin, R. Friedlander A; 

We dUtlnguish in the region studied (ColumblBK Venenuela and 
Ecuador) life defliilt« geological periods of which the JuraHSlc Is the 
oldest ami has only recently l>een recognued In & locality In Columbia. 
Tbe nest period, however, ttie Lower Cretaceous outcrops in the moun- 
tains of the whole region and is characterized by a great variety of 
«epholapodB. The preeence in the lower strata which are eppcially 
marly, of Uelemnites, Ptychoceras humboldtlaaus KreL, Ammonites 
niegKerathii Krat., Am. rothii Krst^ Am. sawtapclnuH il'Orb., Am. bous- 
cingaultll d'Orb., Hamites arboledie Krst., might perhaps justify two 
subdivisions of this period. 

The third aeriee, the Upper Cretaceous, characterized by large deposits 
of limeatones, sandstones and siliceous l>eds, nay be recognized paleon- 
toioglcally by a great quantity of liudistes which appear toward the 
'east, and the Polytbalamias, abundant in the centre and in the west. 

The fourth period, the Tertiary, la characterised by the abundance of 
vertebrate remains and the presence of pebbles and thlcli conglomerates 
formed at the expense of the sillcenx beds of the older periods. Alao 
by the great eitension of micaceous marls, trachyttc cinders and UiptUi. 

The llfth period, the (Quaternary, is represented by washings, gravels, 
bedx of pebbles, and breccias with shells on the sea coast; tbe shells be- 
long to speclee living at the prexent time. 

Several coses of unconformity In the respective disposition of these 
Ave series, show that they also correapond to distinct epochs of eleva- 
tion, aad the geographical distribution of the t^uatemary proves, in the 
iBoet convincing way, even in the aliaence of a clear iiuconformity with 
the Tertiary, that these two periods were elevated at different times. 
The unconformities observed In the neighborhood of San Pablo in the 
lowt-r Hagdalena river probably mark this hiatorlcat break. 

The (juatemary has slight extension, some portions of the coast, 
somewhat elevated, belong to It. The Tertiary period Is more developed; 
almost the whole of the immense plains of the Orinoco and doubtlesa 
large part of thoae of the AmaKonas, belong to it j the highest aummita 
of the actual continent, date from this time also. 

The Cretaceous, in which Investigationi) show several distinct epochs, 
/ormed elongated islandj in the Tertiary sea. In lines lowani the north- 
«ast. The eastern Island wax the preseut massive of Cumarla; another 
island of the eastern aeries represented tbe massive of MC'rido, and tbe 
western island, surrounded to the south by an arclupela^'o of small vol- 
canic islands, was traversed by mountain chalnB, rich in veins, bearing 
gold and platinum. 

It ie ({uite remarkable that the steeper slopes of the Cretaceous re- 
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gioD, which rtins or extendi itself In aclrcuUr arch toward the northeast, 
are turned to the massive of Ouajana, whose rounded domes of granitfc- 
rocks rise from the Tertiary plains, ae lelandd out of the ocean, as far as 
is known. On the contrary, the Tertiary strata, wherever they haT» 
been elevated in masalveB, either cover the slopes of the mountain 
ch^ns or form rallegt ["villcf de fraclnTt") as the valleys of the Hagda- 
lena and Canea rivers, and the section of the strata looks to the valley. 

The massive of Ouayana appears to be the centre of the different 
tnonntains or Cordilleras belonging to Colnrabia, uid upon which de- 
pends the direction of all of them. They rise to the west, in Columbia^ 
and to the north In Venezuela, as the borders of a large circular crevasae, 
formed in the crust of the earth In the circuniference of this primitive 
centre of elevation; crevasse which then was not recognizable by Im- 
portant masalves in Its total estension, but which marked the direction 
of the contemporaneous and future eruptions. 

The elevating force which caused the formation of the crevasse 
around the granitic centre, appears to have worked from east to west, in 
Uko primitive times, and plutonic epoch; that Is it began to the northeast, 
reached Its highest development in the north, and diminished more and 
more to the south. On the contrary, the last elevation of importance, 
which took place during tlie Tertiary volcanic epoch, followed an oppo- 
site direction . 

In the north the plutonic chains bordering the ocean reached their 
actual hight almost at the first elevation; at the end of the Cretaceous 
and Tertiary, they were only re-elevated; while in the south, they stood 
in part under the water, and only reached their actual form and hight at 
the end of the Tertiary, by the eruption of trachytic masses and lavas, 
which were very violent there, liut becAme milder and milder toward the 

Btport on the geology of iiortheatUTn Alubama, and a^acent portion* of 
Oeorgiii and Tenjiettef. C, Wii.lard Haves. Bulletin No. 4, of the 
Oeological Survey of Alabama. Bvo. pp. 86, Montgomery, 1893 One- 
plate of topographic outUneR, and one geological map. 

This is a plain statement of the geological structure as made out In the 
Held, over a critical area In the Appalachians, and covers all the Pale- 
ozoic from the Archnan to and including the lower Carboniferous, and 
aome portion of the Coal Measures. The field work was done by Mr. 
Hayes as an assistant on the V. S. Oeological survey, and was reported 
to the state survey In pursuance of a compact between the two surveys 
in a cooperative plan for the examination of a section embracing the 
lower end of liookout mountain, near Gadsden. The report, however, 
and the accompanying report, embrace considerably more area, that 
mapped being about 67 miles east and west, and 12 miles north and 

Mr. Hayes describes the remarkable fact, Illustrated by.the Home 
thrust fault, that the lower rocks may be, and have been, faulted and 
raised and thrust bodily over strata of much later date In that portion of 
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the AppftlachiftDB. Id thie cue lb* Cambriftu fltrsU are round to lie 
upon the middle CarbonlferouB, and the dlBtance through which the 
olderatnU have been moved wuBtward, overthe younger, by this tbruat, 
is between four kod five mllM, and there S.% reason to believe that the 
Cambrian rocks once extended aeveral miles further westward than they 
are at present found. The entire structure, stratigiaphy, drainage, topo- 
i^raphy, are aeatly and concisely described In this brief report. The 
map is baaed on the U. S. survey topographical sheets, and Is a con- 
densed expression of six of them. 

Adtanre iheeti/rom the eightetnlh report of the OrolugieeU mrtey of In- 
diana. PaltOTitoiogy. ByS. A. Millkb, September, 1802. Indianapolis. 
Octavo, pp. TO, »nd 13 plates of fOBSklB. 

This pamphlet contains deacriptiona of Geventy-slx new foeai! forma^ 
Keceptacuiltes, Cystites, crlnoids, brachiopoda, and cephalopoda. They 
are from all points of the central area of the United States, mainly In- 
diana and Miasouri, ranging from the Lower Silurian to the Carbon- 

The Mappinij of MuKimri. Arthuk Winsi^^\'. (Trans. Acad. Sci. St. 
Louis, Hept., 1892. pp. 57-99.) The author slietchea the history of the 
successive attempta to make a map of Missouri, and illiiBtratea, on re- 
duced scales, some of the early maps, beginning with that of Ptoiomeus, 
edited In Borne in 16416, and extending through the sixteenth and seven- 
teenth centuries wben little or no progreas waa made, to the eighteenth 
and nineteenth In which marked advance haa been made in accuracy of 
~mappiDgthe region of the Mlsaiaaippl valley in which Missouri sbarea 

The United States Coast and Qeodetic survey bei.'an trianguiatlon 
operations in Miasoari in 1871, and has carried a network of triangles 
entirely across the titate. The Mississippi river commission baa accur- 
ately mapped the entire extent of the Hiaaiaalppl In the limits of Hla- 
souii, and the Miasouri river commission haa deiinnated the Missouri 
valley in a similar manner, these organi/ations having done very accur- 
ate work, both in mensuration and topographical delineation. 

The U. 8. Geol, aurvey began, in 1884, to spread Its interior topograph- 
ical work over the state of Missouri, and constructed 2C sheets, on a 
Hcale of atxiuttwo miles to the inch. This work ceased in 186S. 

The Missouri state survey Is engaged in making topographical maps. 
Mr. Winslow enlarges the fcale of the U. S. survey maps — reduces the 
vertical contour interval to 20 feet, adds township and county lines, rep- 
resents railroada, etc., and produces sheets (now ten in all) of the size of 
16?4 inches by SOj^i Inches — b quadrilateral of fifteen seconds. In extent 
in latitude and longitude, or from 328 to 240 aquare miles. 

It is noteworthy that for the purpoaes of the state geological survey 
in this luatance. tbe topographical sheets of the U. S. Geological survey 
are rejected as unsulted and inaccurate, and the state survey proceeds 
to re-map t}u taim aretit from data supplied by tbe United States Coast 
and Geodetic survey, or by the river commiaslona. 
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The roandiag of tandttone g)-aiiu of IheTriat, at bearing on &a liiriiwn* 
of lAe Bunter. T. Heliabd Rbadb, F. O. 8., (Proc. Liverpool Owl. 8oc^ 
1801-^). I'be autUar tirriveB at Uie concliiHioD, after compkrisona of 
Bunter BandstoneH from various locftltties, that the rotindneae of the- 
qukrtE grains, greater or less at certafo localities, and the occurrence of 
pebbly strata, nelllier oae, ia any reliable indlcaUon of the hnizon Iq 
which thej occur. "Tbe Bunter aandatotiea are a great group in vhicli, 
form whatever cause, there has been a large impregnation of ferric 
oxide and other impurities whicli have in a majority of cases interfered 
with the depoBition of secondary silica. The grains have also been laid 
down in turbulent conditions of current, evincing long travel of an os- 
cillatory or tidal character." The author does not attempt to assign a 
cause either for the "turbulent conditions," or the presence of large 
amounts of ferric oxide. Could not marlae volcanoes have produced 
both, cotemporaneonsly with the accumulation of the sands? Again, In 
case of copious deposition of secondary silica, as in the silica embracing 
the pebbles of the "Pebble beds," which seems to have alternated, geo- 
graphically as well as strati graphically with the copious formation of 
ferric oxide, could not the same cause have operated to precipitate 
silica from the waters of the Triassic ocean and thus embrace the ac- 
cumulating pebbles or quartz grains!^ It is a Bigniflcant fact that these 
two elements, "secondary'' silica and ferric oxide, are frequently 
associated in this way. 

The Iron DfpoiUt of Arkaiuan R. A, F. Peskosk. Annual report for 
1892 of the Geological Survey' of Arkausae, Vol. i. Octavo, pp. 1^8. 
Little Itobk, 1892. 

Tbe report states Ibat prior to 1860 two small bloomaries for Iron, one 
in the northeastern and tbe other In the northwestern portions of the 
state, were in operation, but that since tbey ceaied no Imn has been 
mined, nor made in the state. This is owing to the poor quality of the 
ore and to the easy Introduction of iron made in other parts of the 
United States, particularly In Missouri, since tbe construction of railroads. 

Iron ore of rather low grade is found Id the statedistributed fromthe 
Lower Silurian to tbe Becent formations, except in the Cretaceous, and 
geographically It is spread over most of the state. The ore at Magnet 
cove is not in Bufficient quantity to be of value for Iron manufacture. 
Most of these deposits are limonits. There is some spathic ore from 
the Carbouiterous shales and Tertiary clays and sands, and limited 
quantities of maguetic ore. The last occurs in a residual clay derived 
from the decay of crystalilae rock in Magnet cove, and is known as Ar- 
kansas lodestone. This ts the only ore Id the state containing an appre- 
ciable amount of titanium. Generally all the Arkansas ores are non- 
bessemer. 

The ores In the northeastern part of the state are probably in the 
Lower Silurian but their exact stratigraphic position is not known. The 
evidence seems to Indicate that theyare beiowthe Calciferous. The 
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rocki dtp uader the saccharoldal undatone, »ad th« Izard t&d St. Clair 
liin«sU>neB which repreHot tbe upper memben of the Lower Silurian 
ajnem la the BatesrlUe manganeae region, to the BOutb of the trou 
region. 

The ores in the northwestern part of the state are probably on the 
eame geological horizon, or perhaps somewhat In the Boone chert of the 
l>ower Carboniferous. 

The ores of the Arkanias valley are In the Carboniferous and Lower 
('arboolferous. 

The Iron ores of the Unchlta mountains occur in a series of norac- 
ulytBH, siliceous shales, quartzjtes and sandstones, thongh most of the 
deposits are immediately associated with the novaculyte and the siliceous 
shales. These strata are regarded Lower Silurian. They have fumisbed 
a few graptolltes which Dr. Qurley regards as of Trenton age, but "the 
exact Btratlgraphlc relations of some of the graptolite shales to the 
novaculytes are as yet uncertain." This Is the same novaculyte series 
that contains the manganese deposits, and has a thickness, sometimes, 
of 450 feet. In other places thinning out altogether. The ore, the erup- 
tive associations, the novaculyte, the alatee, the titanium in the Magnet 
COTe magnetite, the non-foasillferous nature of the strata and the man- 
ner of occurrence oC these deposits furuish many parallels « itb the ores 
of the Mesabi Iron range in Minnesota, and strongly su|^est a proba- 
bility of equivalence of age. 

The Iron ores of southern Arkansas are in the Eocene of the Tertiary, 
and mostly below the Clalbome horizon of tliat series. These are lim- 
onltes and small quantities of carttonatee. Of tbese tlie author enters 
into a careful consideration of their origin. He tracee them through 
the following stages. 

(1) The derivation of the iron from the decay of the rocks In the 
drainage area of the sea which in Tertiary times occupied the pnaitlon 
of the present gulf of Mexico. 

(3) The solution and transportation of the iron in the form of soluble 
organic and inorganic salte. 

(8) The precipitation of the iron as oxide or carbonate In lagoons or 
bogs along the coast. 

(4) The segregation, as carbonate (clay ironstone) of the Iron precipi- 
tated in the above forms. 

(5) The converaion of the carbooBte into the hydrous sesfjuloxlde of 
iron (limonltej after the lagoons on the coast of the Tertiary sea had 
been elevated into a land area. 

Although the Iron ores of the state are at present commercially value- 
less, this Is a valuaitle report. It sets Ht rest the ardent expectations of 
some prospectors and cieprives them of their wealth, so far as It could 
consist tn imaginary stores of Iron ore, but It will be found to conduce . 
greatly to the wealth of the people at large. It will forestall futnre ill- 
directed expensive exploration throughout the regions i) escribes), and 
will allow the citi7;en to prosecute in i|uiet the peaceful pursuit of such 
industries aa the state actually possesses. 
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. StuilUt of ifuirOlafi«r, Alaska. Harbt Fibldimo Bkid (NkI. Ueog. 
Hkg. IV, Hch. 21, 1898). Some of Mr. Reid'e concluatons disagree Imrgelf 
'with previous studfes upon the eaine glacier. He finds ttie greatest ad- 
vance to have been seven feet two inches daily, and the smallest four 
Inches. Professor Wright's greatest advance, u measured in 1880, was 
73 ft. (lee Age I'n N. A. p. 60); however, it we assume both measurements as 
correct, a change of climatic conditions maj account for the very great dif- 
ference. The erosion la estimated at three quarters of an inch per au- 

Mr. Gushing, the geologist of the expedition, found the exposed rocks 
to consist of limestone, argillite, quBTtx-dtorite and dlorite; and Dr. 
Williams' microscopic esaml nations revealed several dloiites, porphyry, 
porphyrites, gabbro (troctollte not from the glacier) and dlatkase. Dr. Her, 
rick contributes a "microscopical examlnatiOD of wood from the burled 
forest," pp.15 78; Mr, Bowleo, a list ofplantsand finally Mr. Reid, meteor- 
ological and magnetic observations aud suggestions to future ob- 

Gitwifaf— par Paul Chokkat. (Bull. Soc. G(5ol. France.) This in - 
terestiog contribution is chiefly a criUcIsm of the report on the geology 
of Gibraltar made some time ago by Ramsay and Geikle, who, accord- 
ing to H. Cboftat, were unable, on account of srtiQcial obstruction, to 
view the best exposed portions of the rock, which are now Inaccessible. 
These gentlemen obtained but a few specimens of a single species of 
Khyuchonella, which was determined by Messrs. Etheridge and David- 
80*n to be very near R. eoneinna Sow,, tbfereby placing the rock in the 
same horizon as the Great OSlite and Cornbrash at England. 

M. Choflat then alludes to the excellent report upon this celebrated 
rock by Smith, made many years ago, In which these remains are de- 
Bcribeit as B. tetradra Sow., Lias. M. Choffat has been able to examine 
this species and also those collected by Kamssy and Geikie and finds 
they are identical. As this species (teCnnfra) occurs in the Alpine Lias, 
aud as the author has lately discovered the same in Portugal he sees no 
reason for changing the age, as proposed by the two English observers. 
He therefore contends that theage (Lias) proposed by Smith is the proper 

Oa N^ieiine rorJca in Brazil, Part IT. Orvili.E A. DSRBr. {(juart. 
Jour. Ge"l. Soc. May, 18Bi.) In this paper the author comes to the 
conclusion that the Tingua peak, In the midst of anareaof gneiss, com- 
posed as it Is of orthociaM-nepheline rocks some of which arefragmen- 
tal tuffs though hardly distinguishable from phonolite flows, is a p<ini- 
titic or tapfrimpoud mountain, according to the nomenclature of Von 
Richthofan. Tliis is hut one of a number of localities in which the 
same features and the same rocks occur. Its age is unknown, but later 
sedimentary rocks containing similar eruptive rocks are near, aud In 
the vicinity are Carboniferous fossils. It would appear therefore that 
the peak may be a remnant of a volcaoic cone left after the denudation 
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ol Carboniferous rocks in wliicb it mty orlgioallj hare tjeea embraced. 
It is compKntble to ttie basic volcaolc tuffs tluit form a marked feature of 
the Keewatiu, of tlie Archnan of the "Northwest," in the United States. 

CUunifieation of Ihn Cephalopoda. In the Hay number uf the Proe 
Oool. A»»n. (LondoQ, 189S, xii) comparieon tables were given of the 
various systems of classlflcatioD. In the July number another list Is 
given, designed to replace the former. Table i is Hyatt's classification 
1867-88; Tab. ii Is Fischer's, 1882-8; Tab. tii, Zittel's, 1884; Tab. iv. 
Bather's, 1888; Tab. v, Stelamaon's, 1800, Bather's is the most remark- 
able mainly on account of Its brevity, here showing Lipoprotocouchia, 
Bub-otd. Nautiloidea. Soslprotoconchla, sub-ord. Atnmonoldea, sub- 
ord. Coleoldea (Osteophora, Cbondrophora). 

Penfiddite, a neie tperiet. (Am. J. 8c1. xuv, 361.) Aesociated with an- 
glesile and taurionite from Laurlon, Qreece, Dr. Oeutb has discovered a 
new lead oiy-chorlde of the composition PbO. i PbCI, (CI.— 18.21, Pb— 
79.73 0—2.06). Hexagonal, white, vitreous to greasy. Named after 
Prof. S. L. Penfield. 

Haadhiieh der Mintralogie. The sixth part of this excellent work by 
Dr. Hlntze has just been issued. It treats principally of the serpentines 
Bodalite nepheiite, kaoilnlte and associated minerals. 

ProtoUnut, a ma Genu* of trilobita. O. F. Hatthbw. (Bulletin x. 
Natural History Society of New Brunswick, Sept., 1893. 

The new genus of which two species are deMritved, Prololemu eUgant 
and P. paradoxida, occurs In the beds of Band b, division 1, of the St. 
John group, at Hanford brook. New Brunswick. 

The Ghcinl Sareettioitin Europe. Jakes Obikie. (Trans. Roy. Soc. 
Edinburgh, Vol.x)iivri,Part l.pp. 137-15a) 4towithamap. This is a 
review of the evidence in Europe tor the Idea of three or more glacial 
epochs In Pleiatoceoe time, and he concludes that at least four such 
epochs u( cold can be established. He goes further, and extends alter- 
nating seasons of cold and warmth into Pliocene time, thus making Ave 
glacial and four Interglacial epochs. 



OOREESPONDEKCE. 

On the Keokuk Group. — The August No. at the Geoukiist con- 
tained an Interesting paper on this subject by C. S. Beachler. In giving 
the Iltenture he has overlooked a paper by the writer published In the 
American Journal of Science for October, 1890, In whlcb the conclusions 
were practically identical with those now brought out by Hr. Beachler. 
In this paper a detailed section was given of the beds at Keokuk, and a 
study made of the fossil forms in which it was shown that the Craw- 
fordsville crinoldal bed represents the thin sandy stnttura sometimes 
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fouud at Keokuk above Uke geode bed, and represented hy No. 13 of Uie 
section. This coacliiaioQ had beeo anaouDced previously in a paper be- 
fore the Iowa Academy of Science (Mar. ]0, 1890).* Hr. Beachler has ar- 
rived at the same raeulta independently from a study of the Indiana 
are& 

These studies tPnd toaieparatlon of heds hitherto considered Identical 
though much addltloual work Is needed to set at rest obvious queg- 

The disposition of the chert or transition bed below and the Magneslaa 
or Warsaw alioTe Is still an open question, though recent writers seem to 
favor Owen and Hall In Including them with the Keokuk. The evidence 
seems to sust^n the following anangement, here given tentatively: 

WBruwbedn. ■ - Sporgwin BUI b«d>. 



UrpBU Kedki'k. 



BlaeSindxbed. Cniwford«vllla bedi^. 

(No. 13 of ny SecUoD.) 
Ueodebed. - - Indian Creek bIuIii. 

\ r Llm«akin« bed. ■ ■ Wtlint Pork bada. 

I LOWEH KlUKUK. 1 

I Chert bad. Neir Hon bed*. 

This follows very closely Owen's division, made in 1853. In a paper 
on the Hlsslsslpplan Section (Lower Carboniferous) before the O. 8. A., 
C. R. Kayes has given a brief descri tloa of tbe Reokuk group, in 
which be ignores the work of previous observers, and gives but an Im- 
perfect exposition of this important group of rocks. 

Bvanston, 111. C. H. QoBOOK. 

W. H. Hahve v.— Another quiet and earnest worker In the Held has 
been called to rest. Hr. W. M. Harvey, of Qlen Rose, Texas, was burled 
on the 12th Inst. To most of the readers of this journal his name was 
unknown. He belonged to none of the scientlflc societies, and held no 
Hclentlflc position, yet he lived a lite devoted to nature, and through lila 
explorations, made In the Intervals of leisure he was able to take from 
his occupation as a house carpenter, discovered Important Oiaterlal, now 
In the hands of Prof. T>. F. Ward, of the U. S. Geological Survey, and 
Prof. E. D. Cope, of most signal value in completing the determination 
of the great lower Cretaceous system of this countrj-. Throogh bis 
patience as a collector, many Important results were secured, tu the 
vicinity of Glen Rose, Including a locality where marine mollusca of the 
Trinity formation, as figured in tba Arkansas reports, were associated 
with the Potomac flora of the north Atlantic states, and above all, with 
the flnt determinable fosalt vertebrates from those beds, including croc- 
odile and flsh remains. This diacovrry Is important because, with the 
three fold evidence It ailords. the age of the lowest fossil bearing beds 
of the Comanche series cau now be flx«d with certainty. Professor 

•Proc. I. A. 8. 1887-B, p. 100. ~~ '^ 
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Harvey was a nntive of CnciuDati, knd acquired bis lore of foaaila from 
aasocistlon with (he old school of paleoatologlats whotherB eatbined all 
who met them with & lore ot iclence. He migrated to Tpxai for health 
and fortune. It was the writer's good fonune lu 186(1 to diacover him Id 
hlH cottage tilled with a rare local collection of the beautiful foBalle of 
the adlaceQt country, and, again, In October, latt year, to take to his 
home Prof. Lester F. Ward, ubder whose direction he collected a most 
abundant and important Ron of the Potomac (Trinity) b«dB, which bas 
been studied by Prof. Fontaine, and le now ready for publicaticHi. Mr. 
Harvey wai one of many local geologlBts whom the writer has met in 
out-of-the-way places, working for the love of science, enduring the op- 
probrium of scofBtig environment, but who, when the final sward of 
honor will be given, shall And eqnai credit with those who, surrounded 
by every opportunity and luxury, hftve often accomplished less. 

n. T. Hii^ 



PERSONAL AND SCIENTIFIC NEWS. 

Nbw DiacovERiES ^T Me.stonk, Frimri: The dJBCovery (if 
tbree ekeletons in this cc]ebrate<1 cnv« was made last Fchniar)'; 
tbey were unearthed at a depth of about five fftet, which is about 
25 feet below the origiDal floor of 1872. The remains indicate a 
man of perhaps more tliat seven feet in liight; perforated teeth, 
shells, etc. , were also unearthed. Mr. VaugLan Jennings, F. G. 
S., who visited the spot in March, suggests (Nat. Sci. i, 272) that 
from a study of the implements found with the remains, they 
may belong to the neolithic age, but the skulls indicate an even 
more ancient type; however, tiie author concludes that the fact 
that similar perforated teeth, etc. , have l>een found in the Dor- 
dogne cave of the same age as the classic drawings on bone, of 
the mammoth and reindeer, strengtiiens very much, the argu- 
ment for the palaeolithic age of the Mgntone man. 

Mesozoio Fosbilb vbom Obnthal Himalaya. (Nat. Sci. i, 
447.) Fossils from India recently examined in Vienna are found 
to conform in a marvelous degree with eastern Alpine species. 
Dr. Diener has formed an exploring party to visit the Himalayas 
for the express purpose of studying the fauna thereof with a 
. view to comparison with the Anstrian-Alps fauna. 

The Greenland Exploring Expedition: The relief expedi- 
tion sent out last summer has returned, bringing with it all the 
members of the first expedition, with the sad exception of the 
young geologist, John VerboefT, who was lost while out alone on 
a geological expedition. To quote Mr. Peary, "I have traced 
the northern limit of the interior ice-cap of Greenland; I have 
settled in my own mind the northern limit of the mainland of 
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(rfeenland, demonstrated the existence of enormous glaciers in 
all th«' northern fiords; I have completed surveys of Davis bay, 
Inglefield gulf and Whale sound, and finally 1 have had excep- 
tional facilities for studying that most unique tribe of about 25U 
persons, the arctic highlanders, " 

We shall await with great interest Mr. Peary's reports upon 
these obscure subjects. The Academy of Natural Sciences of 
Phila. , has the credit of giving support to this most successful 
expedition. 

The Michkian Mining School, at Houghton, Mich., has 
recently l>een endorsed and commended by acommitt«e appointed 
by the Superintendent of Instruction, consisting of D. A. Ham- 
mond, Perry F. Powers and S. E, Whitney. They made two 
visits of inspection, and report: "The Michigan Mining School, 
we may say in closing, has come to sta}'; because it has demon- 
strated its fitness to live. Whatever may have been its weakness 
in the past, it is now doing valuable work. It is well equipped, 
baa an able faculty, and a demand upon it greater than it can now 
supply. We see no reason why it should not be a very vjilnablc 
auxiliary in the future development of the mining resources of 
the state, " 

ClIANUKtt IN THE JIBPARTMEST OF (lEOUMIV .VT TUB KaNSAH 

State Univeesitv. Prof. S. W. Williston, the former incum- 
bent of Hie chair of geology, retains paleontology and vertebrate 
anatomy. Mineralogy and physical geolf^y have been created a 
new chair to which Prof. Krasmus Haworth, late of Oskaloosa, 
Iowa, has been appointed as associate professor. 

Mr. J. F, WhITEAVES COMMllNirATES to the Camuliaii Record nf 
A'c/eiicf for October, a description of a new genus and species of 
phyllocarid Crustacea from the middle Cambrian of mount 
Stephen, B. C. Three genera of Phyllocarida are known from 
the Cambrian rocks of Kurope and America. 'Jhe new genus, 
Anomirlnriirvi. now described by Whiteaves, adds a fourth. 
AniimalocarU difl^ers conspicuously from the other genera in the 
characteristics of the abdominal appendages and in the numl>er 
and disposition of the caudal spines. The type specimen ia 
named A. rnnitden»is. 

Dr. Flowers rfcent little book, '-The Horse, " (New York, 
D. Appleton and Company,) though not primarily designed for 
specialists, will t>e found a very convenient aid to advanced stu- 
dents, not only in biology but in geol<^y as well, since it presents 
a most excellent summary of the present state of scientific 
knowledge concerning an animal that flgnres prominently in both 
of these sciences. 

Dr. Otomar Novak who was conti.nl'ing the researcher of 
Barrande into the Silurian faunas of Bohemia while filling the 
choir of geol*^' at the University of Prague, died on July 29th, 
He was only 42 years of age. 
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PRELIMINARY EXAMINATION OF SO-CALLED 
CANNEL COAL FROM THE KOOTANIE OF 
BRITISH COLUMBIA. 

By D. P. Penuillow, P. R. 3. C, F. H. U. S., UcOlll Collegp. Hantreil. 



Pr.A' 



; X. 



During the post year ii numlHTof specimens of n coaly mineral 
tmviiig the [general properties of a cannci coal, and locallj' recog- 
niztnl aa sneh, were ol>tained from the Kootanic and Lower Cre- 
taceous formations of British Columbia. Their peculiar physical 
constitution, and the grc^at difficulty of ascertaining association 
with any of the materials ordinarily known to contribntc to coal 
formation, made their examination a matter of more than ordi- 
nary interest. The specimens at first placed in my hands, con- 
sisted of a slide l)y Mr. Weaton of the (ieological Survey, to- 
gether with n small fragment taken from a characteristic band 
specimen. They were submitted to me by Sir Wm. Dawson, who 
had received them from Pr. George Dawson of the Geological 
Survey. A preliminary inspection satisfied me that a more ex- 
tended examination of the original material was desirable. Dr. 
Selwyo, of the (leological Survey, kindly supplied me with five 
characteristic hand specimens from as many dilTerent seams, some 
of them widely separated. These were submitted to a critical 
examination, and from some of them, a number of fresh slides 
were prepared. 

So far as their general chavacteri sties are concerned, these 
coals are all of the same nature, differing chiefly in degree of 
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consolulutiun under the infliienci.- of pressure. In all the more 
compact specimens the fracture is coochoidnl and lustrous: a few 
show a coarse lamination while others do not. All af^rec in lieing 
made up of similar rod-like bodies which are more or less closely 
comprosscd. In one case the rods were loosely piled in a promis- 
cuous manner, in such a way as to exhihit their form and size very 
perfectly, being held together, apparently, l»y a partial fusion 
with one another, or by a cementing substance ot a similar na- 
ture. In the most compact forms, it could Ite reailily ascertained 
that the rods constituted the entire snl>stance of the coal, their 
transverse and longitudinal fractures being sufficiently conchoidal 
and lustrous to distinguish them from one another. The rode are 
round an<l straight, and closely resemble, in some of the less 
comi>act specimens, kkIs of nnilHT of dark oolor. The least 
diameter found was 0.5 mm. Krom that they range upwards to 
2. mm. , which, however, is not very common. Their length ap- 
pears to lie between 5 mm. and '!.'* cm. One s|H'cimen was 
characterized by a <iecided flakiness, the flakes being closely 
compres»e<l and apparently composed of finer Inmimi; of a sub. 
stance similar to that constituting the rods. 

Several sections were taken from the different band specimens 
and prepare<l for microscopical examination. 

Section 2186 was prepare! by Mr. Weston of the Cleological 
Suney, from one of the least compact of the hand specimens. 
It shows the rods to Iw cut variously, l>ut chiefly transverse and 
longitudinal. Ijines of flow none; tissno or cell structure none. 
Granulations common and often iiiH[>osed so as to form zones 
surrounding hyaline areas, (iranules round or ol>long and often 
spore-like, 1.1' n in diameter. Color, reddish aml>er. Irregu- 
lar lines of fracture often penetrate the ro<ls at right angles for 
one-fourth their diameter; they usually show as shrinkage clefts 
or air tulK-s. 

A conspicuous feature of Ihe rods is the presence in their in- 
terior of tubular, often branching, openings which are strongly 
suggestive of vegetable growth, and at first are apt to lead to the 
supposition ttint they are fungous mycelia. On account of their 
peculiar form, it may be well to refer to them as myceloid tubes 
or ramuli. They may l)e roughly classed as of two kinds — Im^jje 
and small. 

The large IuIr's were found to be cut in all ways, pn'ciaely as 
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loriji:, tuliiilnr cells loosely aud sinuoiisly disponed would lie, so 
that there wen- longitiidinnl and transverse, as well a.9 ol)li(|ue 
sectionsof tliem. Loagitiidinally they ahow an apparent cell wnll 
and prominent central cavity. They are more or Ipss vermicular 
and simple or irregularly branching. The cavity is often tilled 
with a poorly defined granular auljetariop, and they sometimes 
contain air. 

In transverse section the apparent wall appears prominently, 
and shows as what seems to l)e a rather thiek wall with an outer 
and dark, limiting membrane. The tubes are usually al>ont ^-t'J 
/. broad, and the wall 14 ,'i thick. 

The small myceioid ramuli are fr<-ely lirunehing anil some- 
what interlacing, and in many cases are filled with air. It is 
very common to find them occupying larjie areas of the rods, 
while less frt^piently thej' assume the form of stellate gi-oups 
closely n-semblings tufts of JiiKiilariu. These groups are com- 
monly 1 »!>,■■ bniad The seiKirate tubes measure fnini l.il /< to 
3.8 ,'i and even 15 /< in diameter. In the tsinaller forms where 
the radial disposition is most pronounced, these ramuli com- 
monly terminate in sub-spherical pockets. 

The sii))stance lying lietween and apparently cementing the 
roils together, consists chiefly of a fine grniiular matter — the 
granules lieing very angular — which seems to have iH-en derived 
from the same material as the rods through some pulverizing 
action. 

Section t was prepared at the Redpiith Mnseum. as were all 
the following sections. In this tlie rods show fi-equent round 
air cavities measuring from 0.1! ,'i to 10'). 6 /i in diameter. Small 
taminw and angular fragments fill the spaces between the rods, 
a]>parcntly consisting of the same material. The rods themselves, 
are wholly structureless and otherwise as in the preceiling sec- 
tion. 

In section 2 the rods are cut longitudinally and transversely. 
Lines of How and evidence of structure wholly wanting. Tlie 
fine, myceloid ramuli are abundant and ofU'U contain large cjuan- 
tilies of air. The large ramuli are not very abundant, bnt when 
present usually contain air. The interstitial substAni'e forms a 
spongy cement — l>eing traversed by numerous round openings — 
■consisting of minute, angular fragments of amlH'r-like material 
iml>eddeil in an amorphous sulistoncc of s.iuM'wliat granular 
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oliaracU>r and possibly denved from cellaLirstnicture. Tbeitbole 
fonns a cementing substance wtiich unites the amber-like rods. 

r^ection 'A is tliat of a flalce taken from hand specimen number 
5. It is composed of a spongy mass, possibly the residne of 
cellular structure, in irhich are emt>edded small fr^ments of 
amber-like subetaoce of angular form, the whole as in the inter- 
stitial substanec of number '1. 

Section 4 was obtained from a single rod or Slament 1 cm. long 
l>y 1.25 mm. wide. Structure none. -Round cavities similar to 
air bubbles, frequent, but not so conspicuous as in many other 
cases. 

The details thus out]ine<l sufficiently express the efaanicteristics 
of all the other sections examined, and the general results of the 
examination make certain facts prominent. 

1. The total absence of structure. 

i. The presence of tubular ramuli of diverse dimensions. 

3. The presence of rounded cavities. 

4. The presence in lai^ <|uantity, of angular fragments of 
material of the same nature as the rods. 

5. The presence of an amorphous sul>stanc«' t<^ther with the 
last, cither occurring as distinct flakes, or acting as a cement to 
unite the rod. 

It is desirable that these facts be considered somewhat in detail. 

The complete atisenee of stnictnre throughout the numerons 
ro<lB submitted to examination, is significant. Out of several 
hundred rods there was only one instance of an appearance which 
was at all suggestive of derivation from structarc. In this case, 
a very limiteii area was occupied hy a series of rather closely ar- 
ranged plates running transversely to the axis of tbe rod, but these 
are, I think, capable of reference without serious question, to the 
action of internal shrinkage. (Fig. 2.) Hod normal structure at 
any time constituted a part of these rods, it is quite likely that 
out of one or two hundred, some eridence of this fact would 
have appeared, The total absence of such evidence lends strength 
to the view that the rods must have been derived from material 
originally structureless and, practically, of tbe same nature as 
now found. 

The presence of spore-like granulations is a feature more or less 
common to all organic structure which has passed into a fossil 
state, and is incident to the more or less complete breaking up of 
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tfac original organic matter with tho elimination of the etem«nt» 
of water. When euch changes occur, the modified parts acquire 
a darker color which eventually become block, assume a granular 
form and dispose themselves in accordance with the particular 
natnre of the molecular changes in the material as a whole. This- 
has elsewhere* been shown to produce ver}' peculiar effects, as in 
inodiflcation of the structure of Kpni-'iiophyioii . In this it ia 
possible to find a satiafactor}* explanation of the distribution of 
granules about the surfaces of air tubes or internal fissures In 
such a way as to produce the appearance of a cell wall. 

The presence of tubular ramuli is a condition which, without 
critical examination, might seem to justify the opinion that my- 
celia had penetrated the ijody and become permanently preser\frt. 
This necessitates the supposition that (a) the material of the rods 
was once soft and that when in that condition it had flowed over 
and engulfed the associated fungi, or (b) tbat while plastic, it 
possessed nutritive properties and was readily penetrated by 
fungi. The total absence of lines of flow offers serious opposi- 
tion to the first hypothesis, and indicates that the rods were, 
from the first, of the form and general character now found. 
The second hypothesis is probably not admissible for reasons 
which will appear later, although it is undoubtedly true that the 
rmls were originally composed of a soft and even viscous sub- 
stance. 

It is furthermore found that the ramuli are not septate, liut 
form continuous simple or branching tubes; their branching 
is irregular and not determined with that uniformity which is 
consistent with the growth of organic structure; the tubes are 
irregular and often contain side pockets such as no vegetable 
structure is known to have, but such as might reswiily t>e formwl 
under certain conditions of contraction in the surrounding mass. 
Also, the remarkalile disposition of these tubes is wholly incon- 
sistent with their character as possible vegetable structures. 

Precisely similar tubes may be formed under certain conditions, 
in any plastic material. It is a matter of common experience in 
the preparation of glycerine jelly mounts, that if a somewhat ex- 
cessive pressure be applied to tlie central area of the cover glass, 
the latter will be slightly l>ent down below the line of the margin. 
Upon removal of the pressure after the jelly has hanlened, the 

•Trans. Koynl Sor.Gnn. vin. rv. LH-25 AMKllu■.^^ (iK<.T,.«ii»T. i,\.|),3fliJ. 
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cover iflans springs tmck to \X» narmal position and in so doing 
tfn<)s to draw away from the jelly immeiliately below. The 
necoHsary ci>ns<i|nence or this is the formation of a cavity which, 
owing to the peculiar consistency of the jelly, will assume tht* 
form of a s<<ries of irregnlarly branching ramuli often dispersed 
in a stellate manner. The figures and tubes thus formed are in 
all <-ssential res|>ects the exact counterjiart of the rsoiuli found 
in the nxis of cannel coal now under oonaideration. and 1 think 
we may safely infer that the latter arise from the name genera! 
cause Ks the fonrn-r. This would make them the result of inter- 
nal shrinkage cause<i l)y the gradual elimination of a volatile ele- 
ment, hut as the loss of such a volatile constituent must always 
take place first at the snrface, there would necessarily be formwl 
an external layer of greater resistance which would tend to pre- 
serve the original form and promote a tihrinki^e through the 
centrai mass townnls the firmer Imunding layer. This view is also 
jUKtifle<l liy ihc known ocourrenw of similar shrinkage cracks 
an<t pocket.s in amber and other forms of fossil resin. 

The material occui)ying the spaces between the rods and ap- 
jtarently ci'menting them tc^ether. consists of an amoiphous and 
irregularly gmnulnr mass full of rounded holes, thereby giving it 
a spongy character. Within this matrix are iml>eilded niinierous 
small, angular or roundetl — sometimes laminae — fn^rments of 
material which, from its general aspects, appears to be the same 
as the ro<ls. and in all probability is the material of rods which 
weo? broken up in various ways. The presence of such frag- 
ments and the curious way in which the nxls are massed in thick 
scums, together with the al>senoe of other material, would seem 
to indicate the ageniy of water. The source of the amor|>lious 
sultstance is not so ck-ar. It has no apparent relationship with 
the rtidsand fraiimcnts. nor does it anywhere present any struct- 
ural aspects, so that we are left wholly in doubt as to its possi- 
ble nature. A hyjiothetical view might regard it as tbedeliris of 
vegetable stnxtiire. but it dot's not appear so carbonaceous as 
material fn>m such a soun-e should be. 

These con sidi-rat ions render it fairly clear tlmt the origin of 
these conis must \w souglil in some other direction than modified 
vegi'table structure. From their character as determined by mi- 
croscopical esamin:itii>u. from their fracture and color in trans- 
niittml light, as well as fnnn their combustible nature, we can 
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only conclude tliat tbey repi-esent some form of fossil resiD. The 
poHsihility of their derivation from resin was first suggested by 
Dr. I<. M. PawBon in bis first letter transmitting ttie specimens. 
But certain (UtHciilties seem to stand in the way of this hypothe- 
sis. Among these is the absence of any lines of flow. We may, 
however. e<mceive the resin to have lieen solidifleil in the resin 
passages of the tree, and tliis is e<'rtninly implied by the form and 
size r)f tlie rods as now found. 

A^in, the enormous volume of these hmIs, sullleient to pro- 
duce thick and extensive coal IhiIs. would almost seem to be in- 
compittilili' with tlieir origin' in tlie way suggested above, unless 
we suppose (a) that the renin Iwaring trees of that period were 
enoruioUHlj' abundant— far exceeding anything known iu modern 
vegetation, and possilily of a s]>ecies which has censed to exist, 
or ()i) that the trees pnKlu<>ed resin in such enormous qnantity 
that rapid and great accumulations were possible. 

The complete absence of any definite structure associated with 
the s]H>ciinens, still further complicates the problem, though it is 
quite possible that the plant remains found in the surrounding 
strata may throw im|)ortant light upon the subject, when opjwr- 
tiinity offers t« systematically collect and study them. In the 
present state of our information, thn-e i>osHil>ilities suggest them- 
wives. (1) The resin was produced wholly In the bark. Upon 
decay of th<' trees the Inirk separated from the wimmI, the two 
floated ln<lependently and may liave eventually reached the same 
or dilferent places of de|K)Mit. The free bark while floating suffered 
siitllcient disintegration to lilienite the contained resin, which was 
carried to a seimrate place of deposit. This hypothesis gains no 
support from modern vcgetati<in.and is <foutjtleasone which will fail 
to satisfactorily account for the great aceumnlations found. (2) 
The oeeiinx'nee of theresin iu the woodor in l)othwood and bark, 
the stmcture of which decajed sufficiently to lilterate it after l)eing 
hardened. In such ease we might reas<mably expect to find some 
remnant of the woody stmctuiv associated with the rods. Their 
purity, however, indicates a c<mi|»lete separation from the structure 
iu which they had their origin. and, moreover.suoh separation must 
have taken place with great facility. Modern exam|)les lend no 
supiiort to this view. (3) The reitin tuliea may have Ik'bu pro- 
duced in layers in such a way as to promote a rapid and complete 
breaking up of the organic structure in drjing or decay, with 
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coDsequent liberation of the indurated resin. The auiisequent 
action of water would tend to separate the two completely, and 
thua establish tlie purity of the resin as now found. The only 
possibility of obtaining any support for this theory from modern 
vegetation, came to us at the close of my examination of these 
coals, in a report that certain spruce and tamarack trees now 
growing in the Kootanie district do produce resin in lai^ quan- 
tity and in such a way as to determine their speedy breaking up 
when subjected to desiccation or to maceration, and that from 
them might be derived data which would have an important bear- 
ing upon the nature of these coals. As it was important that evi- 
dence of so promising a nature should be examined, I asked Mr. 
D. A. Stewart, of Winnipeg, an engineer in the employ of the 
Canadian Pacific, railway, if it would be possible to procure 
for us, specimens of the trees in question. This he very kindly 
consented to do, and we have since been placed under obligations 
to both Mr, Stewart and other officers of the Canadian Pacific, 
by the receipt of four line specimens measuring about two and 
one-half feet long, and with diameters of upwards of a foot. 
Since then all of the specimens have bei;n carefully examined and 
with wholly negative results. The details of this examination 
will appear later. It is sufficient for our present purpose to 
point out that the last hypothesis advanced to account for the 
origin of these coals receives no support from modem vegetation, 
and we can only hope, therefore, that in future examinations of 
these deposits, associated plant remains may be found which will 
throw light upon a now very obscure problem. 

A chemical examination of these coals has been made by Mr. 
Ct. C. Hoffmann, of the (leological Survey of Canada,* but as 
his results bear only upon their fuel value, they throw no light 
ujwu their origin. At my request, Dr. Harrington, of Md.iill 
College, has kindly undertaken to determine the soluble constitu- 
ents in order to bring them into comparison with certain fossil 
resins from Cedar Lake, which he had already examined, t The 
Cedar Lake resins show 21.01*% soluble in absolute alcohol, and 
24.84% soluble in ether. The cannel coals in question show only 
4.6% soluble in chloroform, and 3.17% soluble in ether, the 
solution in each case being strongly fluorescent. It is, therefore, 
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obvious that do direct comparison can be made, but while these 
results fail to show relationnbip t>etween the amber or fossil 
resin and the eannel coal, the; do not enable us to say that the 
latter did not have its origin in vegetable structure. It is quite 
possible that the greater degree of insolubility of the coal may 
be the result of a greater degree of alteration. 

1. ('(inl Hhowing rods in lun^itudinal sect ton, together wit It granular 
matter lying betwpcn, X 6. 

2, Filament of coal in longitudinal eectiuii shuwhiK a small area 
occupied by tronRverjie jilirinkage cracks, X 71). 
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Statement of the Pkobi.em. 
Dtfiniti-ni .nul V'irii-l!r» of Dmi.iihi'.—THie drift hills called 
drumlins consist, at least superficially and in most cases through- 
out their entire muss, of till or boulder-clay, Iming nastratiHed 
clay, sand, gravel, and Iwuldera, mingled IndiBcriminately to- 
gether, which therefore must be attributed to deposition liy ice 
without modification by the assorting and stratifying action of 
eiirrentsof water. They haveusually an oval form, withamoothly 

•This pa|}er. in preliminary outlines, was prcHcnted l)efore tlie theo- 
logical I^K'iety or America, Aug. 16, 1892, at thi- meeting in Rochester, 
S. Y., as noted in the October Geolooint (p. 218). Knrtber study lias 
since led to the opinions given here, that the englncial drift of which, 
under this view, the drunilin a appear to have l)een chiefly formed, had 
become HUperglacial by ablntion and was aftem-ard enclosed as a 
etraluin within tlie ice-nheet, being thence ainawed in tliene hills; 
and that, ai'i-ordiiig to surli explaiuition of the origin of the druniling 
and their comjiarisou with tlie terminal moraines, the Ice nge^may 
probably have compri.-ed only n iiingle glacial eiKwh,] 
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rounded top and steep slopes, especially at the sides, fn>in v-hich 
features I'rof. C. H. Hitchcock in 1876 named them hniicnhir 
kilh, the first distinctive term applied to these drift accumula- 
tions in this country. Subsequently the name i/rnmliiitt, used by 
M, H. Close ten years earlier for similar hills and ridges of till 
in Ireland, has come also into common use here. 

Oval or elliptical forma of drumtins prevail, with rare excep- 
tiojis, in New Hampshire, Massachusetts, ami Connecticut, in 
some other districts, as in central New York, these hills vary from 
the oval type to prolonged ridges, running nearly straight several 
miles; and in eastern Wisconsin, as described by Cbamberlin. they 
arc prevailingly circular and dome-shaped on some areas, being 
therefore called mtimminaey hilh. while in other localities they 
occur mainly as long parallel ridges. Wherever drumlins are 
foun<l, their longer axes trend in parallelism with the courses of 
the glacial stria; and transportation of bouldei-a. that is, with the 
current of the ice-slieet. Glacialists ai-e agreed that this relation- 
ship and the veiy regular and smooth contour of the drumlins 
resulted from the moulding action of the overriding ice. to which 
masses thus elongated opjKised the least resistance. 

In the areas of their greatest development the drumlins range in 
hight from 25 or 50 feet up to 2110 feet or rarely more, and propor- 
tionately in length from an eighth of a mile to one mile, or, in tracts 
where they become long ridges, two to three miles or more. The 
slopes of their en<lH are gentle or moderately steep, having fn>m 
5 to ^0 feet of ascent in a ilistance of a hundn-d feet; but the 
steeijer ascent of their sides varies usually from 1 5 to 30 feet in 
the same distance. Instead of amassing the till in such promi- 
nent accumulations, we should expect that the ice-sheet would 
tcn<l constantly to wear away the hill tops and leave thick de- 
ix)sits of subgtacial drift only in depressions of the conntrj- and 
on low or nearly level land. 

That the drumlins are commonly till or boutder-clay from 
crest to iHise is shown by sections of wells and other excavations, 
and ou the coast by wave erosion, as in Boston harbor and its 
vicinily, where a third or half of a drumlin in numerous Instances 
has been washed away, leaving sea clitTs of till from 20 to 1(10 
feet high. Frci|uently, however, drumlins rest on moderate ele- 
vations of the bed rocks, which outcrop on portions of the lower 
slopes to a hight of perhaps nO or 100 feet, forming a pedestal 
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capiied by the roiiuded muss ot till for tlie upper half of tli(> 
hill. ■ 

Again, lenticular elopes of till, luiving the same sm<M)thly flow- 
ing outlines an the driimlins, are aonietimcs aecumitlati.-d on the 
lee side of hills of rock; the hill ami the detritus sheltered iM'hiiid 
it being known as "erag and tail." A large niimlier of such 
slopes were mapped by the writer in 187t* in New HampHhii'e. 
besidetj about half ae many similar slopes of till lying upon the 
nortiiern sides of rock hills, where they were most fully exposed 
to the ice-current. The knobs of rook in each case may be said 
to have combed the drift from the ice by which it was being borne 
forward. More raivly tlie slopes were gathered ti^jon both north and 
south sides alike, blending tojfether and assuming the form of a 
dnimlin, but having onterops of i-ock at the top. In Massachu- 
setts, however, though almost eijually a region of plentiful rock 
hills. Mr. George H. Barton, in mapping the drnmlins. finds very 
few of these till slopes. 

Most instructive variations from the usual const itnli<m of the 
dnimlins are presented where anticlinally stratified beds of gravel, 
sand, and clay or flue silt, form their inner part, reaching in a 
(lome-shajM-d acemnulatiiin from the base upward to comprise 
sometimes the greater part of the se<'tion. with a deposit of till, 
which may b<' from a few fei't to 25 feet or more in thickness, 
spi-cail over tliese beds so as to form th(( entire surface. Among 
many sections of <lrumlins observed by me in New Kugland, the 
only examples of this structure are Third and Fourth Clitfs, par- 
tially eroded iirumlins in Seiluate, Mass., on the shore of Massa- 
chusetts liay.* Tliese rounded, low bills, rising respectively about 
70 and (10 feet above the sea. consist of till upon their whole sur- 
face anil to a depth that varies from 15 to 25 feet and more, but 
below include beds of modified drift that attain in Thini ('iilf a 
thickness of at least :tii to 40 feet, reaching to the Ik mlder- strewn 
shore, and in Fourth Cliff a thickness of In to 20 teet, being 
seen (here to be undei-luiii by tiil and to be also in part interlK'dde<l 
with it. 

In Madison. Wisconsin, aiul its vicinity, drumlins having thus 
an anticlinal nucleus of modified drift and surface of till are 
more fretpient, as I am infonnod liy Prof. T. C. ('hamberlin and 

•I'rin-eediuns of the Itoslon Siicietv <if Xiitural History, Vol. x.\rv, 
p|). •'■•><-->\-2. Willi inn|niM(l nei-tions; April 17, 1881). 



D,oilizB<:hyGOO<^IC 



842 The American Geohnjibt. i^rtmber.iaw 

Mr. I. M. Buell. Tho hill on which the state cftpitol is built be- 
longs to this class, as shown by the section of its art«siaD ivel).* 
Its hight is aliout 80 feet above the a<1joining lakes, and the see- 
tioD passes through till for the first 8 feet, and through eand and 
gravel, enclosing occasional Ixtulders, for the next 72 feet. 

Gmgrajihir DUtrihiitinn. — Generally throughout drift-lwaring 
areas the till, excepting where it is accumnlated iu the bills and 
knolls of the terminal moraines, has a comparatively low and 
level or moderately undulating surface. But on certain tracts a 
large part of the till is exceptionally amassed in the drumlina, 
which stand up very conspicuously as high hills, sometimos oc- 
curring plentifully witb irregular arrangement in groups or liolts 
which may extend 'ii) to DO miles or more and often have their 
greatest length iu parallelism with the course of the terminal mo- 
raines. Klsewhere <lrumlins are sparingly scattered heiv and 
therewith inter\-als of several miles l>etween them, this being often 
observed on the Iwi-dersof their tracts of greatest abundance: and 
rarelya single typical drumlin,as Pigeon hill on Onpc Ann, may be 
separated many miles from any other like accumulation of till. 

It would Ix' expected that the abundance or absence of drum- 
lins must be determined, or at least influenced, by the varjing 
contour and diversity in Ht^ologie characters of the bed rocJis; 
but I have been unnbte to discover this relation or dejiendence, if 
an}' exists. In eoutUem New Hampshire, and southward to the 
neighborhood of Boston, the drumlins ai-e finely developed on 
some portions of the low land near the coast, being spread over 
areas which winild otherwise be nearly level ; but at many places 
inland they are e()ually abundant among high irregular hills of 
rock. They seem as likely to Ixt found on one side as another of 
any mountain or prominent hill range; and the altitudes at which 
they occur vary from the level of the sea to 1,500 feet aliove It 
on tlic hight of land between the MciTimack and Connecticut 
rivers. Interspersed with the tracts of plentiful drumlins are 
other tracts which have none. If their distribution lias l>een 
mainly independent of the ditfcrences in topography and the 
limits of \ariouB n>ck formatiims, as seems to be true, we arc 
brought to the alternative that it prol>ably resulted from move- 
ments of the iee-shcet and the cimditions of its erosion, trans- 
portation, and deposition of the drift. 
I •(Jpi.K.fty «r Wi«-on«iii, vol. ii. 1R77, p. W. 
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Besides the fre(|ueiit arrangement of tbest- hills antl ridges of 
till in groups and somewhat definite l>eltB, which arc from a few 
miles to 10 or 20 miles wide, with intervening belts or irregular 
areas destitute of dnimlins.a still more noteworthy feature of their 
geographic distribution ia found in their occurring thus upon some 
extensive districts, while they are utterly wanting on I ai^er portions 
of the great glaciated areas of North America and Europe. On this 
continent it seems prohalilc that the districts where they are found, 
rangingfrom southern New Brunswick and Maine to northwestern 
Manitoba, may havir been uiic<)vered contemporaneously from 
the ice-sheet during the same general stage of its final recession. 

Mr. Rolwrt Chalmers has observe<l numerous) druiulins on the 
east side of lake Utopia and lietween the Ma^aguailavio and St. 
Croix rivers in Charlotte, the most southweatern county of Xcw 
Brunswiclt.* Under the name "wlialeliacks. ' Mr. (J. F. Matthew 
descril)es these and other drumlins in the southern part of this 
province on an area extending from the St. Croix about i)0 miles 
east to Upham township, t 

Drumlins are reported in Maine by Prof. George H. Stone, the 
lenticular type prevailing in the weaU^rn part of the state, while 
toward the east they also take the form of long ridges. lu size 
and numbers, however, they are describetl as inferior to the dnim- 
I ins of New Hampshire, Massachusetts, and New York. J 

The earliest mapping of drumlins in this country was done by 
the writer in 1878. under the direction of Prof. C. H. Hitchcock, 
for the Geological Survey of New Hampshire. S Nearly 700 
dnimlius were noted in the southern half of this state, besides 
about 175 lenticular slopes of till. Farther north in New Hamp- 
shire such accumulations are alwent or very rare. Some 130 
drumlins iu adjacent portions of northeastern Massachusetts and 
southwestern Maine were also noted on this map. The most im- 
portant feature of the distribution of the drumlins in New Hamp- 
shire is their occurrence chiefly upon three l>elts which vary from 
5 to 20 miles in width and extend 25 to 30 miles from northeast 
~^ 

■fGJeol. and Nat. Hist. Suney of Canada, Keport of I'n^ress for 1877- 
78, pp. 12-14 EE. 

fProceedioKH of the Boston Society of Natural History, vol. \x, 
1880, p. 434. ProceedinKM of the Portland (Society of Natural History, 
March U, and Nov. 21, 1881. 

^Geology of N. H., atlas and vol. iir, 1878, pp. 285-300, with heliotype. 
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U> aotitliweat, Tlicat^ tracts arc atparated by <)tlii"r3 at (Mjual or 
greater widtb upon wliicli scarcely any drumlins are found, 

Prota Sbalcr. Wright, HitcLeock. ami Davis, and ILe present . 
writer, have <le«crilied tlie drumlins of Boston and udglilxmng 
areas, whero they arc admirably developed.* During the years 
1890 to lrt!t2 the drnmlins of the entire stiite of Massachusetts 
have been mapped anil carefully studied by Mr. (ieorge H. Bar- 
ton, under the direction of Prof. N. S. Sfaaler, for the Tnited 
States Geological Survey. Their total number is found to be 
about 1 ,50f>, t-oimting, aa in New Hampshire, the separate rounded 
summits of compound drumlinaggi'egations, where two or three of 
these hills, or sometimes more, are merge<l together at their bases. 

From the vicinity of Spencer, Mass.. a aeriea of abundant 
drumlins, according to Davis, exten<lB south to Pomfret in north- 
eastern Connecticut, They probably also occur plentifully in 
other parts of this state, reaching southward to I^ong Island 
sound: tor Round hill in Orange, near New Haven, described by 
Prof. .1. D. Dana, appears to be a drumlin.f 

Nen York has a magniltcent area of drumlins, perhaps the 
most interesting in the Cniteil States, whieli stretches more than 
00 miles from Syracuse westward nearly to Rochester, lying l>e- 
tween lake Ontario and the -'Finger lakes.'t These hills are well 
seen along the New York Central and \Vest Sliore railroads. 
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Near Clyde and Lyons a conaiderable proportion of them arc pro- 
longed in ridges which rise with steep sides to aharpty narrow 
create, having lengths o( two, three, or several miles from north 
to south in parallelism with the glaeiation of the region. With 
these are many other drumlins having the typical lenticular con- 
tour, from which all gradations are seen to the prolonged sharp 
ridges. Another area of drumlins, occurring in less profusion 
and presenting only the lenliouiar form, lies between Adams and 
Carthage, in Jefferson county, lietween the east end of lake On- 
tario<and the Adirondachs. * 

In the drift-covered northern part of New Jersey drumlins are 
probably infrequent, only two examples being mentioned by Prof. 
R. D. Salisbury' in his recent preliminary paper on the Pleisto- 
cene formations of that slate, t 

No drnmlins have been found in Ohio, Indiana, and Illinois, 
by Mr. Prank Leverett, Prof. (J. F. Wright, and others, who have 
thoroughly examinetl that area, mapping its terminal moraines 
and other drift deposits. 

Next northwestward, however,drumlins are again encountered in 
great abundance and variety in the east part of Wisconsin. Professor 
Chamberlin, describing these and other till accumulations and the 
known areas of drumlins, in his address as vice president of Section 
E of the American Association in 1HK6, wrote as follows: 

Bomewhat Hllied. to the true moraines are the special forms of ag- 
gregation of the subglacial debris, or — interpretation aside — of Che 
great sheets of till. They present a richness of variety and of inler- 
gradstiun Chat almost defy classiflcntion. The liHt of forms embraces 
(n) till tumuli; (b) mammlllary and lenticular hills ; (c) elongated 
parallel ridges trending with the ice movement; id) drift billows akin 
to the above but without individual symmetry or discernible parallel- 
ism of axes or definite arrangement, giving a smoothly undulatory 
contour to the surface ; (c) crag and tail; (/) precrag and combings ; 
(g) veneered hills, and a great residual congeries of irregular emb<iss- 
menta and unclassifiable till hills. The most remarkable are the 
mammillary, lenticular, and elongated ridges, now frequently included 
under the tenn drumlins, which have become subjects of special in- 
quiry. These have a fine development in southern New Hampshire, 
central and eastern Massachusetts, northeastern Connecticut and 
Nova ticotia, in all of which the elliptical or lenticular varieties pre- 
vail. They have a still more remarkable development in central New 

•Bulletin, Geul. ?,iiC. of America, vol. iii, 1S92, p. 142. 

Mieol. Survey of N. .1.. Annual Report for 1891, p. 74. 
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York, where the elongated type predommate». They have an even 
mure varied dm'el op man t in eastern Wiscoiiuin. extending into the 
northern peniDSuIn of Michij^an, where all varieties, from till tumuli 
to the extremely elongated ridges, are abundantly developed, the 
number of individuals being probably not leas than 5,000. AlK>ut 
1,000 drumlins have been mapped in New Hampshire, about 1,201) in 
^V'iaconain, and large numbers in Massachusetts and New York. The 
total number within areas already known probably aggregates lO.IKiO. 
These are almost wholly confined to the area of later drift." 

Throughout a large r^ion farther northwest, comprising Minne- 
sota, northern and central lown, South and North Dakota, and 
southern Manitoba, Prof. S. H. Wincheil's ami my own explora- 
tion and mapping of the drift and its terminal moraines have 
failed to disc-over any of the |)eculiarly moulded masses of till 
clna.sed as dninilins. 

Beyond this region, drumlins have been reported only by >lr. 
J. B. Tyirell in lake Winnipcgosis, where they form groups of 
lenticular and elongated low islands, t 

In Ireland, Scotland, and northern Kngland, dnimliits arc very 
al>undant or frequent on many tracts, as descrii>ed by Kinahaa, 
(.'lose, James (reJkie, and others, [t seem.t prol>abli' that they 
will also Iw found to have a considerable development in northern 
(Jerniany and northwestern Russia. On tlie north and west side 
of the Baltic Sea, however, in the region where the European icc- 
sliept was thickest, they are infretiuent or altogether al)3ent, au- 
eortling to Baron de Geer, who, in excursions with me a year ago 
to see the drumlins in the vicinity of Boston, stated that wo sim- 
ilar hills of till have been observed hy him in his extensive es- 
nmination of the drift formations of Scandinavia. 

Sxh'jlm-;.,/. mill R'lpiil 0.-p..git!„„ ^boin, U>j Ht,:u'tnr,:—t\w 
till forming the <lnimlins invarialtly exhibits the characteristic 
features of subglacial till or ground moraine, excepting its su)>er- 
ticial jMtrtion which was cnglacial and snpei^lacial when the ice- 
shriet melted away. J Many bouldera, which ar*' commonly strown 
plentifully on the surface of the drumlins, appear to have fallen 
upon them from tiie receding ice-sheet, together with a stratum 

•Proe., A. A. A. S.. vol. .\.\.\v. p. a]4. 

+Geol. and Xat. Hist. Survey of Canada, Annual Ileimrt, new series, 
vol. IV, tor 1888-89,11. 22 A, Bulletin, G. 8. A., vol. i, 1890, p. 402. 

{"Ineouality of IHstributiiui of the EnKl"f'iil I'rift," Bulletin, G. 
S. A., vol. Ill, 18B1. pp. 134-148. "(Viteria of Englacial and Subglacinl 
Drift.'' AM,(iB.)i....iisT. vol. viJi.pii, 376-38-i, l»ec., ISfll. 
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of the till that varies from one foot to a few feet id depth near 
Boston, but is sometimes 10 to 15 feet thick on the lops and 
flanks of drumlins in New Hampshire. This upper part of the 
till is comparatively soft and easy to dig, while its main portion 
below is so compact that it must be picked and is far more expen- 
sive in excavating. The probable cause of the contrast in hard- 
ness was the pressure of the ice-sheet upon the lower till during 
its occumulatioD, while the upper till was contained in the ice and 
dropped loosely at its melting. Occasionally a thin layer of sand 
or gravel lies between the englacial and subgtacial till, as on the 
top of the dnimlin named Convent hill in Somcmlle, Mass., 
where the upper 3 feet of the tilt, forming the surface, are under- 
lain along an observed distance of several rods by a be<l of sand 
from 1 to 3 feet thick. 

Sut^lacinl till is farther distinguished from that which was 
finally dropped from the departing ice by its smaller rock frag- 
ments, which are mostly less than two feet in diameter, and 
sometimes consist onlj' of pebbles, cobbles, and small boulders 
not exceeding half this size, though often it also contains lai^ 
boulders; by the glacially worn faces of many of these stones, 
which are fre<iuently marked with strife; and by traces of a pe- 
culiarly bedded structure, in parallelism with the surface. The 
last feature is especially characteristic of the till in drumlins, 
excepting its upper few feet. Although boulders, gravel, sand 
and clay are thoroughly commingled, the deposit is imperfectly 
laminated and tends to separate and crumble into thin flakes. 
This is frequently noticeable in a fresh excavation, but is most 
distinctly seen after a few weeks of exposure. It shows that the 
ice in its passage added new material to the surface of the ground 
moraine, which generally lay undisturbed beneath. 

To a depth that commonly varies from 5 to 1 feet on low or 
moderately undulating tracts, but is often 15 to 20 feet or more on 
the drumlins, the color of the till is yellowish gray or buff, while 
at greater depths it is a darker and bluish gray. This difference in 
color is due to progressive weathering, the influence of air and water 
upon the iron contained in the till having changed it in the upper 
part from protoxide combinations to the hydrous sesquiox id e. On 
low tracts the weathering of the till is often limited to its compar- 
atively loose englacial portion, but it has generally extended be- 
yond into the subglacial till of the drumlins and lenticular 3loi)es 
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My observations of tho sectioDS of dmmlinB, before meDtioned, 
forming Third and Fourtti ClitTs in Scituate, Mass., and islands 
in Boston harbor, and tlie prevailing trends of the drumlins near 
Boston in parallelism with the latest deflected glacial currents, 
convince me that these hills were somewhat rapidly heaped up 
beneath the retreating ice-sheet within a few miies back from its 
tnai^n. Peculiar dark bands, evidently representing successive 
stages of deposition, were noted in the till of the northern part 
of Third OlitT. Their numljer is seven or eight, each six to tweh'e 
inches thick, varying from one to three or four feet apart, continu- 
ing separate along an extent of about 200 feet, with no brancbiog 
or inosculation. The portion of the till thus banded has a verti* 
cal width of 15 to 20 feet and a dip of about fived^rees north- 
ward, being included l>etwcen 20 and 45 feet above the sea. It 
is more inclined than the overlying surface of the drumlin, which 
is there about 60 to 55 feet above the sea, or than even the steep- 
est slope of the surface farther down. N'o stratified layers or 
seams of modilled drift occur in the banded part of the till, which 
ia nearly like the remainder of the extensive deposit of till in 
this section, excepting that it has somewhat more sandy and 
porous layers alternating with somewhat more clayey an<l there- 
fore impervious layers, the latter Ijeing noticeable because they 
retain the moisture more i>ersistently and have a slightly darker 
color. But no definite line of demarcation separates these layers, 
there being instead a gradual change which occupies a thickness 
of several inches. Boulders and gravel are iudiscriminately 
mingled through the whole mass, which is the ordinary ix>ulder- 
clay or till; and these alternations in the proportions of clay seem 
probably attributable to the slightly varjing conditions of alter- 
nating summer and winter, affecting the rate of motion of the 
' ice-abeet and its tendency to deposit its ground moraine on the 
surface of the drumlin. If this is the true explanation, the 
yearly addition of till to that part of the section averaged 2 or 
2^ feet, and the accumulation of the entire drumlin of Third 
Cliff re<iuire(l probaVily not more -than 25 or 30 years. 

Though such baude<l structure, approximately parallel with the 
surface, has not been found in the dmmlins of New Hampshire 
and inland parts of Massachusetts, nor even of the vicinity of 
Boston, excepting within close proximity to the aea, it is yet fre- 
quently observable in the drumlins of the islands of Boston bar- 
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bor. For example, it is finely developed in the cliff forming the 
northeast end of Pe^ldock's island, where five or six such banda 
are separated by intervals that vary from three to six feet; at the 
southwest end of Long island, where a single dark hand about 
half way np the cliff, or 30 to 40 feet above the sea, ext«nd3 
fully 400 feet; and at the south end of Spectacle island, where 
two dark bands six or eight feet apart are distinctly seen along n 
distance of at least 150 feet at a similar elevation above the sea 
and below the top of the cliff as on Long island. In all these 
sections, as in Third Cliff, the dark hands have anticlinal dips, 
which' are somewhat more inclined than the overlying archetl 
snrface. 

Very rapid accumnlation of ground moraine is shown by Fourth 
Cliff, for that dmmlin, soon after the iR'ginning of its formation, 
received a wedge-shaped deposit of true subglacial till, increasing 
from nothing to six feet in thickness along its expose<l extent of 
about 10<l feet, laid down on the southern slope <hiring a small 
part of the lime, probably only one summer, if so long, in which 
the central portion of this hill was being formed by the subglacial 
deposition of 10 to 20 or 25 feet of stratified sand and gravel, 
which in their continuation southward enclose the wedge of till. 
Under all this modified drift, the base of the section at its center 
is a low dome-shaped deposit of till, which, like the thick arch 
of till forming the upper and outer part of the drumlin, is 
divided from the mo<^lified drift by a well defined line with which 
the obscure lamination of the till and the lidding of the sand 
and gravel are parallel. No evidence of erosion, nor of tumul- 
tuous pushing forward, was anywhere seen; but instead the whole 
section appears to represent continuous deposition. The very 
hard and compact condition of the till, and its characteristic 
flakiness, which I have sjvoken of aa lamination, lx>th below and 
above the modified drift and in the enclosed wedge, indicate that 
it was deposited as a ground moraine beneath the pressure of the 
ice-sheet, instead of as englacial till falling loosely from the ice 
when it melted. The conditions leading to the accumulation of 
the basal till were followed by such as caused the modified drift to^ 
be spread over it, the latter apparently requiring no longer time 
than a single summer or the portion of the year attended b}' 
abundant ice-melting; Itut on the sonthem slope the deposition of 
this san<i and gravel was for a short time internipted while the 



iyGoo<^lc 



350 Ths American Gedogiet. Dereiober, isw 

wedge of till was lieiag amassed. Siibaequcntly the accumula- 
tion of till l)egftn again over all tlie dome of Band and gravel, and 
continued tbeneeforward until the fonnation of the hill was com- 
pleted and the overlying ice disappeared. 

In aildition to the evidence in the atnictural features of tbe 
drumlins, indicating that they were accumulated rapidly during 
the closing st^e of the Glacial period, a strong argument toward 
the same conclusion is afforded by the prevailing cast-son theaat 
trend of the longer axes of these hills about Boston, while the 
striation on the bed-rocks is mostly sonth-sontheast, the difference 
between the two courses being forty-five degrees. Recent exam- 
ination of the glacial striie in the city of Somerville, however, 
lying next northwest of Boston, shows that, besides their com- 
mon south -southeast courses, they are in many localities deQect«d 
to the east- southeast and even sometimes to due east. KIsewbere 
in all the districts characterized by abundant drumlins in this 
country and the British Isles, their longer axes and the striae are 
parallel; and it seems sure that both were determined by the cur- 
rents of the ice^sheet. Their difference in direction in the neigh- 
borhood of Boston I believe to be due to a deflection of the mo- 
tion of the ice there during its final melting. Through the time 
of its maximum thickness and extent the ice-sheet moved south- 
southeastward across this area, and reached to the terminal mo 
raine of Long Island, Block Island, Martha's Vineyard, and Nan- 
tucket; and onward the course of its border was probably east- 
northeast along the sul)marine plateaus of the Fishing Banks. 
But when a mild climate began to cause the glacial boundary to 
recede northward, the melting probably advanced faster upon the 
area of the gulf of Maine than upon southern New England, so 
that the ice-front became indented by a deep cml>ayment east of 
Massachusetts, toward which the latest currents along the coast 
were deflected. The formation of the drumlins about Boston 
seems to have taken place wholly during the time of deflected 
glacial movements, the ground moraine being massed in these 
hills on account of inequalities in the force and direction of the 
overriding ice-sheet, when its receding border was probably only 
a few miles distant. Farther inland throughout Massachusetts, 
Mr. Barton finds the trends of the drumlins prevailingly parallel 
with the striation, but with occasional exceptions where the longer 
axes of drumlins varj' much from this course, probably because 
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of aniAtl iadentalioDs in th« glacial boimdary aod consequent 
divergence of the latest ice-motion from its previous direction. 

If tbe dark hands noted iu the till of Thin) Cliff, Peddook'H- 
island, and elsewhere, are marks of accumulation in eucceesive 
years, which seems highly probalile, the drumlins of Boston and 
vicinity received, at least in some instances, from one to six feet 
of till yearly deposited over their whole surface, so that the ac- 
cumulation of these hills to their hights of 50 to 150 or 20U feet 
required only from two or three decades to a century of years. 
Indeed, where they exhibit no such banding, I have thought that 
sometimes their entire formation may have been more rapid, so 
that the most massive drumlins, like the largost esker ridges, were 
probably deposited in so short a time that their beginning, growth, 
and completion would occupy considerably less than a man's life- 
time. The drumlins appear to have been heaped up beneath tlie 
icC'Sheet within a few miles back from its margin, or perhaps oc- 
casionally within even less than one mile, as seems to be suggeste<l 
by Mr. Barton's observations. Where they are scattered over any 
extenaive area, probably they were not all in progress of deposi- 
tion contemporaneously, but were successively accumulated as the 
ice -margin retreated. 

QaenHoiii r-nfi-miiiff the A<-lioit of thi: /ir-c/i-i/.— While .*>me 
steps of progress seem to be gained by the foregoing observations 
and discussion, here abridged from my latest paper on this sub- 
ject three years ago, toward a knowledge of the manner and time 
of deposition of the drumlins, the questions as to how the ice- 
sheet could amass these hills, and why they are distributed in 
abundance upon some districts, but ace absent or represented only 
by a few examples upon other large areas, remain to be answered. 
Their distribution, however, is to so large a degree independent 
of topographic features, and of the character of underlying ntcks, 
that the explanation of their origin and grouping appears more 
likely to be found in variable oonditiouBof the glacial movements 
resulting from secular climatic changes during the final melting 
of the ice. 

Pbobabi.e Acri'.urLATioN itv the Dkumm.vs krum KN(ti..\ciAi, 

Drift. 

Oiijrctiou* to fiiriiier T/ieorifx. — Several theories of the way in 

which the ice-sheet produced the dmmlins have licen suggested. 
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TLd earliest was by Shaler in 1870, who supposed these hills in 
the vicinity of Boston to l>e remnants spared from the Auviatile 
and tidnl erosion of a once continuous sheet of drift, which had 
been contained in a glacier that descended the Charles river vallcj". 
His later view is similar, but attributes the very thick drift sheet 
of this hypothesis to deposition during the earlier of two epochs 
of glaciation, and its erosion pUrtlyto sea and river action during 
an interglaciat epoch, but mainly, for the peculiar sculpture of 
tlie driimlins, to excavation and removal of the drift from all the 
inten'ening areas by the later glaciation. To accord with this 
view, however, the terminal moraines of the later ice-sheet must 
vastly exceed their very moderate observed volume. Another 
objection, pointed out by Salisbury, is that the drumlins appear 
to 1)6 compose<t wholly of the newer drift. 

Hitchcock and Wright have thought the drumlins to l>e perhaps 
the material of terminal moraines swept over aud massed in these 
peculiar forms by subsecjnent farther advances of the ice-sheet. 
If this view were true, the till of the drumlins could not have its 
nearly uniform character, but would contain here and there re- 
markable aggregations of boulders, and freiiuent irregular en- 
closun* of sand and gravel would be found, representing the 
kame deposits and lenticular l>eds of modified drift which so 
commonly make up considerable parts of the terminal moraines. 
Salisbury remarks that neither the distribution nor the composi- 
tion of the drumlins seems to favor this hy|M»tho8is, and he there- 
fore iHslicves that they were liuilt up beneath the ice, not l>eing 
fashioned from hills overridden by it. 

Mr. Clarence King aud Prof. J, D, Dana have conjectured tliat 
the drumlins, at least in s()me cases, were made by snperglaciai 
streams, charged with drift, pouring through crevasses or a moulin 
to the land surface, there depositing their drift, which afterward 
Ijy the onflow oC tlie ice would be subjected to its pressure and 
sculpturing. This explanation lies under similar objections with 
the last. 

Kinahan aud Close in Irelami, Prof. James Geikie in Scotland, 
and Davis and Salisbury in this conntry, look on the dnimlins as 
analogous t<) the sand bars of streams. Professor Davis writes: 

In view of the irregularity of the surface on which the iee-sheet 
moved, and of the Rreater weakness of some rocks than others, we 
must suppose nil irregular velocity in tlie motion of the ice and an 
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unequal dJEtribution of the rubbish beneath it. If the fnster motion 
at one place causes an excess of erosion there, the slower motion at 
another place may bring about an excess of de))Ositioii, This differ- 
ence of action is known to prevail between tlie central and marginal 
parts of ftlBclated aren» ; and the local acciuniilntion of drumlins In 
an intermediate region gives a smaller example of these two parts 
played by the ice. If the causes of the irregular motion of the ice 
lie in the general form of the country, the location of faster and 
slower currents will be relntivelj- permanent ; the districts of faster 
currents wtmld l)e f(nuid where the greatest volume ol ice is allowed 
to pass, and some of the points of retnrdation nlay lie the seats of 
long continued druinlin growth.* 

For Accordance with this theory, the arens bearing drumlins 
should be determined chiefly liy the topography and rock forma- 
tions, which, however, seem to have excited littli' influence. The 
rapid nccumulation of the drumlins ap])cars also inconsiatent 
with the belief that they were mostly supplied from drift immedi- 
ately before ero<Ied from the land surface and trunsjjorted by sub- 
glacial dragging to its place in these drift hills. 

The origin of the tlrumliiis may lie l)etter understood, or at 
least to the writer it si'eraa more intelligible, if we inquire how 
the drift which had l>een englacial until the time of doiMtrture of 
the ice would be deposited. 

Tfuiti>o,Uttiiiii of Drift !i,to tin' Imn-r finrt -f the hi-»l.-el.~ 
It is evident that the ice-sheet in its passage over n mountainous 
or hilly country' must gather much drift into its lower part, to as 
great hight as the altitude of the mountains and hills, by grind- 
ing off aud plucking away detritus and bloeksof rock from these 
elevations, thence carrying them forward enclosed within the ice 
many hundreds of feet, and in the lee of the White, Grecu, and 
Adirondack mountains even thousands of feet, above the ground. 
But it has seemed to some geologists dilflcult to account for the 
transportation of much drift into the ice from moderately undu- 
lating or plain districts, such as make the greater part of the 
drift-bearing areas of our continent and of Kurope. On these 
nearly flat lands, liowcver, [ find at localities in Minnesota and 
Manitoba good proofs, as tlicy seem to me, that tlie thickness of 
the englacial drift wa.s sometimes as much as forty fwt near the 
ice-border where it was amassing prominent terminal moraines, 
and on lines or lielts where confluent ice-currents met from broad 
*\m. -lour. Sci,, III. v,.l. xvviii, p. 41S. 
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regions on each side.* Similarly in England, according to tlie 
obscrvatioQB of Mr. 6. W. Lamplugh, a confluent ice-sheet flow- 
ing from Scandinavia and Scotland vas pushed up on the York- 
shire coast, bringing much englacial drift, with marine shells, 
which it had eroded and gathered up from the shallow and almost 
level basin occupied before the Ice age and again afterward by 
the North sca.t 

The manner in which the ice gathered drift into its basal por- 
tion from any plain tract seems to me explainable by a consid- 
eration of the currents of outflow toward its border. In the cen- 
tral area of the ice-sheet the currents of its upper and lower por- 
tions probably moved outward with nearly equal rates, the upper 
movement being slightly faster than at the base. Upon a belt 
extending many miles back from the mai^in, however, where the 
slope of the ice-surface had more descent, the upper currents of 
the ice, unsupported on the outer side, would move much faster 
than its lower currents which were impeded by friction on the 
land. There would he accordingly within this belt a strong 
tendency of the ice to flow outward with somewhat curved cur- 
rents, tending first to carry the onwardly moving drift gradually 
upward into the ice-sheet, aud later to bear it downward and de- 
posit it partly beneath the edge of the ice and partly along the 
ice boundary-. 

Ahlatinii canshuj Eiighielal Drift hi hecnii^ Su,-eTglue!<tl.~ 
Whenever the warm climate terminating the Glacial period ex- 
tended unchecked through many years, the depth of the ablation 
or sui>erficial melting of the outer part of the ioe-sheet was 
probably not less than 15 to 25 feet each summer, as has been ob- 
served on the Muir glacier in Alaskal and on the Mer de Glace in 
Switzerland. 8 At such rates of melting any district enveloped 
by ice 2,000 to 4,000 feet thick, aa was true of the central por- 
tions of New P>ngland and doubtless also of a broad belt thence 
west to the Laurentian lakes and to Minnesota and southern 
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Manitoba, would be uncovered in one or two centurie§, and the 
recession of the glacial Iwundary would aver^:e prohablj a liatf 
mile or more yearly. 

During any long seriee of years when the ice-sheet was Ixeing 
thus rapidly melt<^, its outer portion to a diHtance of probably 
twenty miles from its boundary, being reduced by ablation to a 
thickness ranging from 100 feet and less upward to l,fllHi feet, 
would bear on its surface, especially in the valleys and hydro- 
graphic baeins of its melting, much drift which had l>een before 
contained in the higher part of the ice. Only scanty englacial 
drift, mainly consisting of Imulders Iwrne away from hills and 
mountains, appears to have existed at altitudes exceeding 1,000 
or 1,500 feet; but all the lower ice probably contained an increas- 
ing proportion of detritus and bnnlders which had lieen brought 
into it from below by the upward movements duo to faster flow of 
the central and upper glacial currents than of those retarded by 
friction on the ground. The thinned boi-der of the ice-sheet upon 
the belt having a remaining thickness of lees than 1,000 feet 
would therefore liecome covered with drift, as Russell has de- 
scribed the Iwrders of the Malaspina glacier or ice-sheet, which 
stretches from the Mt. St. Eliae range to the ocean.* 

Slnitiim uf .Su/ieiffl<i<iiil Dri/I uuiili- iiyaiu Eiigliii-ial l,i/ !«- 
rri^f,/ Suoir/iill iimi lii, A'hami- „f tl,K thirh;- purtiuii nf tlii- Jn- 
thert. — At many times the general reet^ssion of the ice-sheet was 
temporarily interrupte<i. The return of a prevailingly cold cli- 
mate for several decades of years, or occasionally, aa we may 
suppose, for a century* or more, brought increased snowfall, which 
sufficed to hold the ice boundary nearly stationary, perhaps fn.^ 
quently first having pushed it again a considerable distance for- 
ward. The thick ice lying far back from the bonier may then 
have flowed over its previously thin and drift-covered outer l>elt, . 
aiding with the new snowfall to envelope the once superglacial 
drift stratum within the ice-sheet. These halts or re-advances, if 
the front of the ice had a nearly constant position during seventl 
years, l>ecame marked by terminal moraines, of which I have 
mapped a series of eleven in consecutive onler from south to 
north in Minnesota, North Dakota, and Manitoba, while Mr. 

•National (ieoKraphic Magazine, vol. ni, 1S9I, pp. 53-303, with Iff 
plates mid mapn. Am. Jour, ^ci., IIT. vol. \Mri. pp. 189-162, w[th mn|i. 
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Leverptt lia» trucit) a still turgcr number throagfa Illinoia, Indi- 
ana, ami Ohio. With the increased thickuesB and Rteeper gradient 
of tbe outer b<'lt of tb« ice-sheet while the recession of its 
lnHindiiry was slackened, wholly stopped, or changed to a re-ad- 
vance, due mainly to vcrj- abundant snovrfalls, much drift which 
had liei-n formerly exposed on the ice surface would become again 
englaciftt. so that a stratum of drift several feet thick might be 
enclosed in the ice at an altitude increasing Inwan.) from less than 
50 feet lo 500 feet or more. 

Irr Ciirrriilx m'i->l.iy Ihr Eiiylm-lol Simtnm i,.1; Dnimliim.— The 
upper cnrrentof the tliickened ice above the englacial l>edof drift 
wnuhl move faster than that drift, which in like manner would 
ontNtrip the lower current of the ice in contact with the ground. 
Close U> the glacial lioundarj-, whether it halted and even re-ad- 
vanced or merely its retreat was inueh slackened hnt did not en- 
tirely cease, which last seems probably to liavc been the case 
with the drumlin areas of Massachusetts and New Hampshire, 
thi" upper pail of the ice must have descended over the lower 
part. This differential and shearing movement, as 1 think, 
gathered the stratum of englacial drift into the great lenticular 
musses or sumetimeK longer ridges of the drumlins, thinly under- 
lain liy ice and overridden by th<' upper ice flowing downward to 
the bonndary and bringing with it the formerly higher part of the 
drift Btmtum to l)e added to these growing drift accumulations. 
The courses of the glacial currents and their convergences to the 
places occupied by the drumlins were apiwin-ntly not determined 
80 much by the toix^puphy of the underlying land as hy the con- 
tour of the ice surface, which under its ablation had become 
sculptured into valleys, hills, ridges, and peaks, the isolation of 
the elevations by dwp intervening hollows \miig doul)tless most 
<'0]ispicuous near the ice-margin. 

Ill New Bngland, on account of the alisenco or extreme rare- 
ness of any beds of modified drift which give evidence of having 
iM-en covered by a re-advance of the; ice, the till of the drumlins, 
according to this view, api^ears to have l)een collected in its pres- 
ent masses in the banal part of the ice-sheet, while a moderate 
thickness, probably seldom more than 50 or 100 feet, of ice laj' 
beneath. Over the drumlins a somewhat greater thickness, per- 
haps varying fn)m 200 to 500 or 1,0011 feet, of ice formed largely 
from the snowfalls of recent years or the immediately preceding 
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•centur}' or more, with probably much addltioa from the tbick, 
inner part of the ice-sheet, containin)^, from whichever source, 
little or no drift, passed and moulded these hills in their smoothly 
oval, or round, or eloni^ted forms. 

It is thus readily seen why the amount of finally eugUclat drift 
upon the surface of drumlina is usually less than on inten'ening 
tracts of low ground ami on those parts of the drift-bearing area 
from which the ice-sheet was more rapidly melted away. 

fl'e can also understand why these accumulations are bo fre- 
quently found capping the top of low hills of the lied-rocks, 
since these proJecte<i throui;h the ice that lay lieneatb the super- 
glacial, and afterwanl again englacial drift stratum, and so were 
obstacles to favor an aggregation of that drift, either as a com- 
plet*' drunilin resting on the hill of rock. or as a lenticular slope of 
till, of which abundant examples are found in New Hampshire, 
collected on the sloss or the lee side of the rock hill and occa- 
sionally in slopes of this fonii, covering l)oth these moat exposed 
and most sheltered sides of the bill thickly and its intervening 
flanks thinly, with visil>le outcrop of the rock only at its summit. 

Powderhoni hill, in Chelsea, Mass., one of the largest drum- 
lins near Boston, rising about 2ll0 feet above its base, which is 
near the sea level, and having an exceptionally elongatc<l form, 
with the length of three-quarters of a mile an<l one-fourth as 
.great width, affords evidence tliat a slight thickness of ice re- 
mained beneath it when it was accumulated. Extensive excava- 
tions. 20 to 411 feet deep, in each end of this dniralin consist 
wholly of till, with no trace of any bc^d or seam of stratified drift. 
In one of these sections, alH>ut .30 fe<-t high, un the north side of 
its southeastern end, I observed a nearly vertical, irregiilar course 
■of fracture, from one to six inches wide, filled with sand and fine 
gravel brought by percolating water, where tliis long hill had suf- 
fered a slight dislocation in sinking as the underlying ice melted. 
.Such fractures, extending deeply into the hill, were alsfi found in 
the construction of the reservoir on its top, which gave much 
troiilile by leaking, until the t)otti>m was made impervious with 
cement. The till where not so fractured is water-tight, and 
numerous reservoirs on other drumlins near Boston have been 
free from this difficulty. The narrowness of Powderhorn hill, in 
proportion to its length, probably caused it to sink more unequally 
than most of the drumlins in this district. 
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On mitaf other areas, an<l perhaps more commonly, (iruialiiis 
may have been formed from the englacial atratum of drift daring 
a time of re-advance of the ice-sheet. carrj'ing the drift forward 
so that it would be accumulated on a land surface. This appears 
to have beeii the case in central New York, where Prof. W. M. 
Davis finds that the sections of dmmliiis frequently show strati- 
fied gravel and sand underlying the till, and that often the rela- 
tionship of these formations is such as to prove that the stratified 
lieds were somewhat eroded ))efore the deposition of the till. But 
the absence of such sectiontt in Massachusetts and generally in 
New England makes it probable, as stated, that here the recession 
of the ice was continued, though with a much diminished rate, 
while the drumlins were l>eing amasse<l, 

Reoifir of OlijWiioiit to thin Ej'IiI>iiuiI!i>ii. — At first sight, this 
explanation of the accumulation of the dnimlins appears to bo 
opposed by two conspicuous objections, which must tie answered. 
The first is the local derivation of much of their material. Where 
the peculiarities and restricted limits of the adjacent rock forma- 
tions on the north permit an approximate determination of the 
clistances of transportation of the drift forming the drumlins, it is 
found that a large part, sometimes more than halt, has l>een car- 
ried only a few miles. It seems surprising that local material 
should coHStitute so important an clement of the drift contained 
within the ice at considerable bights, until we consider how fast 
it would be uplifted by even a very slight upward inclination of the 
liasal current of the ice. If the drift eroded from any place was 
carried up with an average ascent of only one dt^ree. it would 
rise, within one mile, to an altitude of 92 ffet above the ground, 
and within two to three miles would t>e as high as the tops of the 
most prominent dnimlins. Currents ascending at this rate, or 
even two or three degrees or more, may very proltably have ex- 
isted in the lowest part of the iee-shcet, on account of the accel- 
eration of its upper currents, within distances from 20 to 50 miles 
or more back fn)m its boundary. Bj' these currents much drift 
cri>ded from the land surface would Iw gradually incorporated in 
the comparatively sluggish lower jMirt of the ice, reaching alti- 
tudes 100 to 1,000 feet al)ove the ground withina few miles from 
its sources. 

When the Iwundary receded, the upper currents of the outer 
belt of the ice, upon a width of probably ten miles, would pour 
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Aovin toward the open land, caueiag the doposition of much 8al>- 
gUcial till; and whenever a stratum of the englacial drift l>eoaiae 
■covered witli much new ice, it would prolwbly be aggregated en- 
glacially or alt*^ether subglacially in dnimline. The drift that 
bad l)een eroded and lift«d into the lower part of the ice during 
many centuries might thns lie rapidly accnmulated in the drumlinu 
<luring only a verj' small fraction of the time that had been required 
for its hein^ stored up in the ice. Through snch proceBses I can 
lietter understand the origin of these prominent drift hills, than 
by any method that I am able to imagine for nearly contempora- 
neous erosion, sul^lacial transportation, and deposition of their 
till. Moreover. I And great difticulty in forming a conception of 
convergent l>asat currents powerful enough, in spite of their fric- 
tion on the land, to amass these hills; but the inequalities of con- 
tour of the outer belt of the ice, as irregularly thinned by ablation, 
may well have pro<1ueed uppier and central currents of sufficient 
energy to sweep the englacial drift stratum into irregularly 
grouped and scuttereil or even solitary dmmlins, when new ice 
and snowRclds adde<l a considerable depth over all the previous 
drift-covered surface of the ice sheet. 

The second objection alluded to aris«-s from the abundance or 
frecinency of glaciated stones and boulders in the till of the drum- 
lina and from its compactness, flaky lamination, and other features 
which prove it to lie sul^lacial till or ground moraine. If this 
drift was englacial duringa considerable time and became massed in 
these hills Ifeneatb only a few hundre<ls of feet of ice, could it pre- 
senteo impressivecharacteristicsof subglacial accumulation under 
heavy pressure? To this question we must reply that the stratum 
of englacial drift would be subjected to much wear of its bould- 
ers and smaller rocic fragments as they were carried forward with 
shearing and sliding motion to the drumlin accumulations, and 
that in becoming lodged on the surface of the drumlins or on 
other and low deposits of subglacial till, they would be further 
striated and planed. The previously englacial drift in being so 
transported and deposited would aciiuire all the marks of ice- 
wear which the till of the drumlins exhibits, and the pressure of 
500 to 1,000 feet, more or less, of solid ice flowing downward 
across it would seem adequate to produce its very hard and com- 
pact condition. We are thus able, as I believe, to account for all 
the differences between these deposits and the mostly unworn 
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drift which fell loosely on the surfnce from an cnglnclal or snper- 
glaciftl position whan the ice disappeared. 

Comparison with Tkruisai. Moraikes, Kames, and Eskers. 
My study of the glacial lake Agassiz, under the direction of 
Prof. T. C. Chamberlin, for the United States Geological Survey 
and partly for that of Canada, shows that several large terminal 
moraines, marking pauses or re-advanees interrupting the general 
glacial recession, were accumulated contemporaneously with the 
existence of that lake, while yet the whole duration of Lake Ag- 
assiz was apparently only about a thouaaiid years.* The rapidity 
of formation of the moraines was thas similar with that of the 
drumlins, and hoth seem to have been made possible only l)y the 
large amount of the englacial drift. The fast retreat of the ice 
indicates that probably its melting border then liad usuallya more 
steeply sloping surface than in its time of great(;9t extent to the 
south, and that consequently the rate of motion of the outer part 
of the ice-sheet was commonly increased during its final melting. 
Any pause of the retreat for even a few years would therefore 
form a moraine, though the outer belt of the ice may have been 
generally too steep to expose much superglacial drift. But dur- 
ing some stages of the recession we may conclude that consider- 
able tracts of the ice-))Order were so thinned by ablation that 
much englacial drift became superglacial, with the result that 
when again a colder climate brought a temporary thickening of 
this marginal ice the previously superglacial stratum of drift was 
chiefly amassed in drumlins. The known drumlin areas of New 
Brunswick and New England, New York, Wisconsin, and Mani- 
toba, would therefore be expected to belong to the same stages of 
the closing part of the Ice age. This would imply what seems 
from other reasons not improl>al>le, that the outermost moraines 
in the states east of Ohio and on the east side of the driftless 
area in Wisconsin correspond to some of the inner and late mo- 
raines in the greater part of the region of the Laurentian lakes 
and the upper Mississippi, as perhaps the exceptionally massive 
Leaf hills, Itasca, and Mesabi moraines, which are the ninth, 
tenth, and eleventh of the series in Minnesota. 

*Geol. and Nat. Hist. Survey of Canada, Annual Report, new series, 
vol. IV, for 188H-89, pp. 50. 51 E. Am. Gcor-onisT, vol. vii, pp. 224-6,. 
April. ISfiJ. 
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AgaiD, my studies of the very massive kjimf^deiiosits forming 
the greater part of the outermost terminal moi-aine on Xw>ng 
Island eastward from Roslyn, ot the large kaino called the Devil's 
Heart, rising in a somewhat conical hill 175 foot above the adjoin- 
ing country south of Devil'B lake in North Dakota, and of the 
esker named Binl's hill, seven miles northeast of Winuiijeg, 
seem to me to demonstrate, l)eyoDd all doubt, that their material, 
and probably likewise that of kames and eskerw generally, was 
supplied by superglacial streams from the plentiful englaciai drift, 
and could not have been brought from drift lieneath the ico by 
sul^larial drainage. 

View op the Ice Age as One (Ilaciai. Bpoch. 
In conclusion, I deem it a dnty to state that this reference of 
the drumlins, terminal moraines, kames. and eskers, to rapid a e 
cumuhition from previously englaciai drift during the deiMrture 
of the ice, seems to mc better accordant with the view that the 
Ice age comprised only one great epoch of glaciation, attended by 
oscillations of the ice-border, than withjthe alternative view which 
supposes the ice-slieete to have been at least once and perhaps 
several times almost entirely melted away, afterward lieiug re- 
stored by recurrent glacial epochs. This belief in the unity of 
our glaciation I held during my work on the New Hampshire 
Geological Sur\-ey in the years 1874 to 1878; but in my ensuing 
work on the survey ot Minnesota, the peat and forest beds en- 
closed between deposits of till in that region led me to accept the 
duality or plurality of glacial epochs as taught by Croll, .lamcH 
Geikie, N. H. Winchell, Chamberlin, Blialer. McGce, Salisbury, 
and at present by most American glacialists. The recent stftt«- 
ment by Prof. G. F. Wright of the evidences for the unily of 
Quatcrnarj' glaciation as the more probable view,* expi-esses a 
simitar opinion with that to which I have l>eeu gradually return- 
ing, during the past year Or longer, through the guidance of my 
investigations in this field. Moraines and drumlins are effects of 
secular vicissitudes ot climate on the border of the departing ice- 
sheet, which I think to have owed its existence to great altitude 
of the land at the beginning of the Glacial |}eriod, to have been 
attended when at its maximum extension and volume liv <lepres- 
' Am. Jour. Sci., Ill, vol. xi.iv. pp. 



D,oilizB<:hyGOO<^IC 



3^'2 The American Geologi«t. Dccniwr, iwb 

sioii of tbe land on which it lay, and to have witnessed, during 
the retreat and removal of its load, a progressive re-elevation of 
the same nrea t« its pi-esent hight. 

For Europe, also, after reading the reoent very ably written 
article by Prof. James Geikie,* in which he argues for five dia- 
tinct epoclis tor giaoiation, 1 think that there, aa here, It is more 
reasonable to refer the whole of the glacial drift to a single glacial 
epoch, with moderate fluctuations in theextent of the ice-aheets and 
glaciers. In thus ditfering from this eminent glacialist and from 
Wahnschatfe in Germany, Penck in Austria, and DeGeer in 
Sweden, who are of the sameopinion with 4jeikie, that there were 
long mild intcrglacial epochs in Europe, I come into agreement, 
on this question, with other distinguished European glacialists, 
us l.amplugh in England, Falsan in France, and Hoist in Sweden, 
who hold that the Quaternary reign of ice was essentially a unit. 
But this present state of our division under the two opinions surely 
calls for much further ubser\'ation and candid study that ulti- 
mately the truth may be confidently known, on whichever side 
it may be. 

THE GEOLOCICSTRUCTUREOFTHE BLUE RIDGE 
IN MARYLAND AND VIRGINIA. 

Br AiiTHiK Keith, of llii' V. S. Geologlcol Siirwy, WaBhington, D. C. 

In the following pages there will lie discusswi the belt of rocks 
in Virginia and Maryland, lying between the Shenandoah and 
Cumberland valleys an<l the Piedmont plain. Attention will 
be given chiefly to their structural relations au they have been 
brought out by recent discoveries of fossils. The topographic 
featiires of the belt are in brief (l)tbe great limestone valley on the 
west, (2) the .lura- Trias plain ou the east, and (3) between them 
tbe mountain belt which consists of the South Mt.-Blue Ridge 
chain and Catoctin-Bull Run Mt. chain enclosing a broad level 
valley. The topography is the <lirect result of dilTereutial erosion 
among hard and soft rocks, and accordingly is a key to their areal 
distribution. The mountains are formed by sandstones and tbe 
intermediate valley by granites and schists. In passing north- 
ward through Maryland the granite areas rapidly lessen and dis- 
api^enr, and the valley contracts to insignificant dimensions. 
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South Mt. and Blue Ridge have been the subjects of numerous 
discussions in previona years, and publications concerning them 
have been made by Itogers Bros., Hunt, Fontaine, Leslie, Frazer 
and Oeiger and Koith. All of tliese discussions have been based 
on physical evidence alone and have scarcely brought out the com- 
plexity of the chain. 

In 1891 I^ower Cambrian fossils were found in the Blue Ridge 
at Balcony Falls, Va., by Walcott, and in .\ugii8t, 1892, he found 
Jjower Cambrian fossils at Mt. Holly at the north end of South 
mountain and in the rocks of York valley, in Pennsylvania. In 
the latter end of August the writer accompanied Walcott through 
the mountam belt in Maryland and Fennsylvauia with the purpose 
of finding fossils, and establishing the ^e of the entire chain. 
Search was directed! especially to the sandstones and shales form- 
ing the mountain ranges and was aliundantly rewarded. One layer 
in particular, the topmost one. yielded fossils in greatest abund- 
ance wherever tested. (The fiwsils will lie described by Mr. Wal- 
cott in the American Journal of Science for December.) Subsc- 
([nently the stnictnn- of the mountain Itelt was worked l>y the 
writer in this new light, from the Pennsylvania line southward to 
Thoroughfare (lap in Bull Run mountain and Front Royal along 
the Bine Ridge. I-<iwer Cambrian fossils were found as tar soutli 
as Manassas (lap In the Blue Ridge. 

The rocks of the mountain iM^ft fall inUi two classes, si'diment- 
ary and igneous, each with several divisions. The igneous rocks 
will lie fully dcscrilicd in Am. J. Science for December, liy Prof. 
(}. H. Williams, and only briefly touched upon here. 

Broadly considered, the region is a broad anticline and succes- 
sively younger rocks appear east and west from the nucleus of 
igneous rocks. This arch is crumpled into several synclines and 
broken bj' faults that follow the mountain lines <iuite cloaely. 
The resultant structure Is quite complicated, and then." are very 
few places in which a normal and complete section can l>e found. 

Five types of sedimentary rcick occur: (1) the Siluro-Camhrian 
limestone of the great valley. (2) fine calcareous white sandstone, 
(.S) greenish gray sandy shales with thin sandstone beds, (4) mass- 
ive white sandstone in places conglomeratic with streaks and 
Itnnds of black, (5) shale, usually black and slaty. .\3 pointeil 
out l»y (leiger and Keith, these types occur in distinct liands fol- 
lowing the lines of structure. The flne sandstt*ne caps a line of 
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knobs in a synclinal axis next the valley limestone; the massive 
sandstone follovrs the syncline of the main ridge; and between the 
two sandstones lies a slope or valley of shales. Southward from 
the Potomac the two sandstone types become very much alike; 
northward they diverge and their differences are accented. 

On structural grounds alone the two sandstones should be equal 
to each other in age as they occupy parallel synclines and the 
same shale passes under both. 

On this hypothesis, the maHsive bed would represent shore accu- 
mulations and the fine sandstone the off-shore deposit. £ven then 
the narrow limits of the change render it very abrupt. 

Oi^anic evidence, however, does not bear this out. As has 
been stated, fossils were very numerous in the fine sandstone 
and a few were found in the sandy shales. In the massive sand- 
stone and the black slaty shale beneath it none were discovered. 
This difference in organic contents is as marked and persistent as 
the textnral difference between the beds, and could hardly have 
been possible in synchronons deposits a mile or less apart. 

The i^e of the massive bed of sandstone must be determined by 
structure in default of fossils. Over the fossiliferous beds lay 
the valley limestone, as detcnuined by the sequence at York, Pa., 
and at Balcony Falls, Va. If, then, the limestone lay directly 
over the massive sandstones, the two sandstones must be the same 
in agc; if no limestone rested on the sandstone the latter would 
presumably be older than the sandy shale. In the latter case 
isandy shales might be expected to occur above the sandstone at 
some point. Search was made for such places and several were 
found, two of them being indubitable. One was immediately 
northwest of Monterey, Pa., on the Blue Uidge, near the Maryland 
line ; the other was on the Blue Ridge, six miles northeast of Front 
Boyal, in Vi^inia. In each of these cases a syncline of the 
massive quartzite was overlain by sandy shales for a few miles. 
A similar sequence extends along the east side of Gatoctin mount- 
sin for alxtut ten miles and appears to be complete west of Fred- 
erick. There all the sandstones and shales of the mountain dip 
east under the Frederick limestone. The resemblance between 
this section and the York section is striking, and each contains 
the same varietie* of massive and slaty limestones and limestone 
conglomerates. The Yorii limestone is largely Cambrian and the 
resemblances of stnictnre and composition indicate that tJie Fred- 
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erick limestone ie also Cambrian. North and south from this sec- 
tion the limestooe is soon covered by the Jura-Trias saDdetonea, 
and its contact with the sandatones is not of sufficient extent to be 
free from doubt. Aa a corroboration of the sequence made out 
in otlier places it is good but not sufficient for independent proof. 
With the discoverj- of the sand; shales overlying the massive 
sandstone the sequence was established as follows: 

(X.) Bhte haiiilfil and iiuiilkd lliiieilfine. with thin beds of slaty 

limeatone. Band; shale, sand; limestone, and limestone 

conglomerate, Cambrian foesils. 
(2.) Fine grain fil, irhite eain1ttonf,vf\tb beds of shale. Ijower 

Cambrian fossils 350 feet 

<3.) Oriiy tandy shalri, with bedsof sandstone abundant near 

the middle. Scolithusand Lower Cambrian fossils. 1,200 to 1,500 ft 
(4.) -Viittire while gandntoiie, with bluish-black bands, felds- 

pathicand in places conglomeratic 1,000 to 1,200 ft 

(6.) Gray and black alnty shales to 400 ft 

<6.) Igneous rocks. 

With the above sequence it is necessary to assume several faults 
to account for the present attitudes of the rocks. The fine sand- 
stone only once dips under the limestone, and then for only half 
a mile; the massive sandstone rarely passes under the sandy shale; 
and the igneous rocks occasionally pass over the massive sand- 
stone. Thrust- faults, therefore, exist between the limestone and ' 
sandstone belts antl between the two sandstone belts, by which 
the anticlines have licen br«>keu and thrust up till only the syn- 
olinee remain. The faults along these two lines reach over the 
whole extent of the Blue Kidge and South mountain that has been 
studied, and locally the sandstone is faulted under the igneous 
rocks. 

East of Front.Royal the two fanlts run together, the sandstones 
disappear and the igneous rocks are fanlted against the valley 
limestone. The limestone- sands (one, or western, fault, is made 
manifest in many places by breccias of sandstone with calcareous 
matter, notably northeast of Front Royal. Theeasternor second 
main fault is for the most part inferred from the sequence, occa- 
sionally from the areal distribution of the rocks, as at Monterey 
and Front Royal. 

Un Catoctin mountain the structure is much simpler. The ap- 
parent normal sequence at Frederick is broken to the north and 
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tho stratH bent into a eynclme, with a proba)>le fault at the east 
side. Lat«r a post-TriasBio fault occupied this line and brought 
the Frederick limestone down against the bottom beds of masaivc 
qnartzite and black slate. Southward the synclinal axis emerges 
from the Jura-Trias sandstone near the Pot'>mae for a few miles 
and in the middle part of Bull Run mountain in Virginia. Klse- 
where the sandstones have a monoelinal dip. 

While the structure of the sedimentary rocks is the first object 
of these pi^es. several facts of structure in the igneous rocks are 
worth stating here. These rocks are of three kinds when classed 
according m their original constitution, i. <■. , diabase, granite, 
and quartz- porphyry. Inext«nttlie diabase is the moat important 
and .the quartz -porphyry thf least. Koiighiy speaking, the area 
l>etween the Blue Itidge line and Catoctin line is underlain by dia- 
base, partly replaced by granite at the south, and liy quartz- 
porphyry at the north. The granite areas occupy a triangular 
tract with a Itase of thirty miles cast of Front Royal and its ajH'x 
west of Frcclerick. The ([uartz-porphyrj' occupies two areas in 
the district exaininitd by the writer, the smaller lying east and 
northeast of Front Royal, the latter beginning north of the lati- 
tude of Frederick and six miles north of the granite apex. Near 
Front Royal it occurs as a narrow strip between the diabase that 
forms tlic summit of the Blue Ridge and the Cambrian sand- 
stones. In Maryland it lies in the form of a rude elongated cross. 
In Pennsylvania, according to Prof, Williams, the quartz-por- 
phyry is as widespread as the diabase. 

Upon this gronp the Cambrian sandstones and slates were do- 
posited unconformably. In places the sandstone lies upon gran- 
ite, in other placets ui^ou diabase, in others upon quartz -porphyry. 
In many localities widelj' scattered along the Blue Ridge, the 
sandatoues and slates contain fragments of the igneous rouks. 
showing that the sandstones are later deposits. 

The relations of the igneous rocks to each other are not always 
plain. So far as known to the writer, the gntnitc and <iuartz- 
porphjry do not come into contact. Between the granite anddia- 
base the contacts are common. The granite occurs in the form 
of large masses and eruptive tongues in the diabase and abundant 
evidence of its eruptive nature can be found in its irregular 
Itoundaries, offshooting tongues, and included fragments of dia- 
Itase. The boundaries of granite and diabase are exceedingly 
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' cotuplex. naA areas of massive granite merge intoareasof maasive 
<1iab)ise through a multitude uf interbedded tongues. Thes«' 
tongui'S vary in thickness from a few inches up t<i two or thret* 
miles unil attain a. length of six miles. 

The relation of quartz- porphyry to diabaiw- is not elear at first 
aifjiht ill the region under discussion. It can lie inferred from 
se^erul phenomena, however, with considerable surety. At scv- 
end localities in Marilant) are occurrences of tufaceous beds in 
the quartz- ixirphyry that indicate surface production. These 
beds are near the edges of the quartz-porphyrj- and are presumably 
the upper IkmIs. Also there are fre<|uent occnrrences of banding 
and wavy flow strnctun; common to surface lavas. From these 
facts it is probable that the quartz -porphyry was a surface flow, 
■fiiat lieing the ease, the relation of diabase to t|nartz- porphyry is 
a simple one and nut complex like the granite eruption. As there 
are only one diabase lied and one <iuart7.- porphyry bed that can l>e 
diflei-entiated, the <liabase either follows or precf<lps the (puirtz- 
porphyry. 

For want of 1)edding plani'S in the quartz -pri)phyry it is difficult 
to determine any structure. It may be assumed for the present 
that the surface of so large a flow was approximately level and 
that the tufaccous beds mark that surface. The present dips of 
that surface, therefore, represent latiT (ilication. Its general 
{>osition is along low ground and drainage lines, suggesting anti- 
clinal ei-osion of an underlying bed. Wherever steep slopes make 
the <li[)M plain, the quartz -porph^Tj- is the underlying bed and the 
tufaccous betls marking the top are next to the dial>ase. Several 
outliers of quartz- porphyry are only exposed by dwp stream cuts, 
and several outliers of diabase cap summits in the quartz -)>orphyry 
area. The south ends of the quartz -porphyry visibly pass under 
the diabas<^ From all of these points there would seem to Ih> no 
douI>t that the <|uartz- porphyry underlies the dialiase. 

If this relation is accepted as true, it follows that the diabase 
itself was a surface flow. Internal evidence of this is wanting, 
tor no tufaciious lieds or flow structures have l>een oliserved in the 
diabase. Negatively, thi^ diabase is the topmost volcanic bed 
and shows no eruptive contacts. It reaches continuously from 
Maryland ten or more miles into Pennsylvania and over half way 
through Virginia, with an average width of twenty miles. This 
extent is commensurate with the lai^ lava flows of tlie present 
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SDtfscc and is an extreme for an eruptive mass. Finally, the 
diabase lies on the surface of a surface flow, hence it mast be a 
surface flow itself. 

Compression has produced little change in the quartz- porphyry 
except the distortion of folding. Along two faults at the east 
base of t^uth mountain and east of Front Royal, the quartz- 
porphyry has been dragged out into a lostrous mica slaU of very 
fine texture. In some places there has also been produced a small 
amount of scbistosity. As a rule it has suffered no change when 
compared with the diabase, a difference to l>e attributed to its 
simpler chemical composition (nearly pure silica) and to its greater 
mechanical strength. 

The diabase has uniformly received a strong schistosity and 
rearrangement of minerals. Muscovite, hiotitv, chlorite, epidote, 
and quartz have been developed everj'where; and locally amygdn- 
loids occur with jasper, quartz and epidote. The epidote and 
quartz occur both in disseminated grains and in lenses attaining a 
thickness of four feet. Cases of unaltered dialmsc are very nrc, 
but occasionally occur. 

In addition to these igneous rocka, a considerable number of 
small dikes belonging to the Jura-Trias system were seen. These 
occur throughout the mouutAin region, but are most frequent in 
the granite tract. 

To sum up, the sequence of the rocks in the mountain r^onia 
as follows: 

SiLunu-C.tuBRi.iN Limestone. 

('AMBRi.tN Sandstone. 

Shale. 

" Sandstone. 

SUte. 

Diabase. 

Quartx-porphyrj. 

Their physical history- is, in brief: 

Surface flow of quartz-porpliyry followed after short interval 
by Burface flow of diabase. Injection of granite into the 
diabase, presumably pasBiiift through the quartz-porphyry. 
Dynamic action and production of schistoBity in diabase. . .Eroei<»i. 

Submergence and deposition of PaliKizoic strata. Dynamic 
action with folding, cleavage, and elevation Erosion. 

Submergence and Jura-Trias deposition. 
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ON THE CLASSIFICATION OF THE DYAS. TRIAS 
AND JURA IN NORTH-WEST TEXAS. 

Bj JiiLiB Mahcoi.*, Cambridge, UasB. 

In the Second and Third Annual Reports of the Oeologieui Sur- 
veg of Texa*, Anetin, 1891-18!>2, Mr. W. F. Cummins has given 
the following classificaUon and nomenclature for the strata in 
north-west Texas. He begins with the Carboniferous or Coal 
Heasaree, divided into six great formations, which he calls:. 
Bend, Millsap, Strawn, Canyon, Cisco and Albany divisions. 1 
shall make no remarks on the Bend, Millsap and Strawn divi- 
sions. 

The Canyon division, so-called on account of its develotxaeni 
at Canyon, in the western pail of Palo Pinto county, coo1u(i(i»a> 
fauna entirely Garlmniferous. It is a well defined foniMlionrAad 
easy to recognize in central and northern Texas. 

The Cisco division is well exposed at the town of Cisco, on 
the Texas and Pacific railway. The stratigraphy, lithology and 
paleontolc^y diflfer so much from what exist in the Canyon di- 
vision, that it seems as a first great group of another stratigraphitr 
system, or at least a passage formation between the true Carbon- 
iferous and the ]>yas (Permian). In it are found a certain num- 
ber of Dynssic forms, such as; AUormim, Acieuhi. Avicnfopfcten, 
Nttcalii, etc. A careful pal«ontol<^ic investigation, as well as 
good and minute stratigraphic observations are much wanted. 
For the present I am inclined to regard it as the base of the 
Dyassic system, and related to the group which exists on the south 
side of the mouth of the Platte river, at Plnttsmouth City (Ne- 
braska). 

The Albany division, named for the reason that in the vicinity 
of Albany, in Stackelford county, the strata are well developed,, 
correspond exactly to the Dyas of Nebraska City (Nebraska); hav- 
ing the same fauna, lithology and stratigraphic position. 

In the Seroiid Annifd Report, Geol. SurB. Te.riit, at p. 393, 
there "is a complete list of fossils of the Coal Measures," in 
which the fossils belonging to the Cisco and Albany divisions are 
confounded with the fossils of the Canyon and Strawn divisions. 
That list needs to be revised, not only for the exact stratigraphic 
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[loaitioii of eitcL fossil, but even also in regani to the iletermina- 
tion of tlie 8]}pcies. 

The Wicliilo divisioti, well developed along the Big Wichita 
river, is composed of red sandstone and red clay. Quite a lat^ 
number of vertebrate fossils have lieen found by Mr. Cummins, and 
descrilietl liy professor E. D. Cope. Some Rshes, such as; Cmit- 
•uhin, VifuwhiK. Cii-iiiiriintliiin. etc., arc Mesozoic forms well 
known in the Kiiropean Uyns and Trias. Reptiles and Bachtra- 
chians collected in Wichita di^'ision. recall also Mesozoic forms. 
T'ntil now not a single locality or a minute stratigraphic position, 
of all those Texan fossil vertebrates has l)cen revealed: professor 
Cope saying only Texas, and Mr. Cummins twing as much discreet; 
so otlier geologists cannot control the exactness of the age of the 
Htrnta, and the tnie value of Messrs, Cummins' and (dope's dis- 
coveries in comparison with the well known localities and strati- 
graphic positions of the fossil vertebrates of Europe. The list 
given by pi-ofessor Cope in the S'^rowf Ann, lirp. Gi-ol. Surr. 
T'-fiK. pp. -tKi^I!!, is absolutely useless. Tf Cuvier, Agassiz 
and others had been so reticent and had kept secret the localities 
from which came the fossils they descriijed and named, the science 
of Vumpiiriiiin: I'nli'niilitl'ii/i/, and the classiflcation of strata 
would not have received the great help derived from their works. 
The tendency of a few American vertebrate palteontologists 
not to divulge the localities from which they get their specimens, 
and to say only Texas! Wyoming! etc., is anything but cred- 
itable. 

Mr. (-ummins has collected a Dyassic flora in the upper portion 
of tlie Wichita division, at the head of Godwin creek, Baj'lor 
county. l*rofcssor T. C. White has recognize<l in it, two Sp/iea- 
-lih^lhim, an fMoHtf/itirrix. a C'l/Hptri-h, four C'iUi/,ten<lniin, 
eight IWopti'i-'i'. a Goiiinpferi*. and more specially a WnMiin, 
so chanicteristic of the Dyassic flora in Europe. 

It is certain that the Wichita division belongs to the Dyas (Per- 
mian), and forms the upper part of that system in Texas. 

The next division, "Clear Fork l>eds."" contains in its lower 
part, strata which ought to be united with the Wichita division. 
Such are the localities called: Camp and Gtxlwin creeks and Mili- 
tary crossing in Archer and Baylor counties; in which Mr. Cum- 
mins Ims found a certain number of fossil invertebrates. The list 
puldished, in the X.v»»./ A„„. Hep. OpoI. S»ri: Tex-i. p. 4)5, 
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■shows Meeozoic Cephalopoda anth as: MefhlUcoti'i and Popnim- 
fi-mii, mixed with Dyassic forms such as: Ai-ialnpretfii. (IrrriUn. 
Ctylop/ioriiii. etc. Tt is a fauna related with the Russian fuuna 
-of the Artinsk beds, and may be e<inaidenid as the American rep- - 
resentntive of ti part of the Kiiasian Dyas (Permian). 

Some of the vertebrates determined by pi-ofessor (.'ope have 
ibeeu found, accor<]ing to Mr. (.'nmmins, in the ntratuof the lower 
ipart of the Clear Fork divisioii, alioat a little above the horizon 
<»f the foBsiliferons limestone, with Mn/fii-otlin of the Mililar^- 
crossing (Baylor county). So it will be best and more lof^cal to 
separate from the (,'lejir Fork division, about 3I)(I feet of its 
lowest strata, which will rcduc-e its whole thickness of l,!t75 fc«t, 
AH given by Mr. Cummins, to about l,ti()ll feet. Then the Clear 
iFork division, so re<luccd. is a formation above the Dyas, and 
represents the Lower Trias or Bunter sandstone of Europe, Where 
I saw it, just north of the Wichita mountains, all along our road, 
■by the S5th [)arallel, after piutsiug the Cross Timliers to Rock 
Mary and the natural mounds, I did not find fossils: but on lith- 
tological and slratigiaphic ground. I have no doubt that all the 
strata there are Lower Trias. !n my reconnaissimce of 185S, it 
was impoftsililt' to d<) more than to follow the roail, with a ft'W 
:zig-zags. right and left, bi-cause it was a heavy martibing with a 
military escort, with strict orders not to go outsiiit' and never to 
lose view of the umin column. 

The Double Mountain division is remarkable, on account uf its 
lieavy and important dolomitic limestone, its very thick beds or 
lenticular masses of white gypsum and its salty clays and shales. 
Mr. Cummins says that he saw among the dolomites many casts 
of fossils, but h(- d(M's not give a single determination even of 
family, genus or species, so we are entirely ignoi-ant of their na- 
ture. I (lid not find any trace of fossils, when I crossed that for- 
mation, except near Kpsom spring, before reaching Antelope 
hills, where 1 foimd a large fossil tree. I>eautifnlly silicific-d and 
transformed in jasper, which whi'u polished i'eaeml)les somewhat 
the I'liiiiitex/itiiro/ii of the Trias of the Val d'Ajo! in the Vosges. 
I have considered that gypsum group as representing the Middle 
Trias or Muschelkalk of (lormany; and 1 continue to do bo, for 
nothing in it recalls in any way the Dyas of Kngland. France an^l 
Saxony: it is a younger formation. 

The Docknm lieds or division of Mr. Cummins, was described 
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by me as far back as 1851^, as Triaasic; and more, as rcpresentipg 
the Keuper and Variagat«d marls of Europe. The {ItfTerence- 
bctween Mr. Cummins' thickness of those strata, and what 
I saw from Antelope hills to Rocky Dell creek and Pjramid 
mount (Tucumcari area), is diflleult to be explained. My estima- 
tion is about 1,500 feet, when Mr. Cummins gives only from 12& 
feet to 400 feet, with an average of about 200 feet only. It is- 
possible that Mr. Cummins has referred one thousand feet of the' 
strata, between Ant«lopo hills and Rocky Dell creek, as Djas 
(Permian); and has kept for his Trias the strata from the lowest 
part of Rocky Dell creek to the white and j'ellow sandstone of the 
Pyramid Mount section, which according to my estimate of thick- 
ness is about 500 feet. 

Now comes the Tncnmcari stratigraphy, so admirably developed 
round the Great and Little Tucumeari mountains, Monte Revuelto 
and Pyramid mount. In regard to Monte Revuclto, Mr. Cum- 
mins says: " This mountain was by mistake called Big Tucum- 
cari on the maps published by Mr. Marcou. The Monte Kevueltw 
and not Rivuelto as it is wrongly spelled by Mr. Cummins, term- 
inates the groat mesa of the Llano }<}stacado, just due south of 
Fossil creek. It is the most prominent peak and the best land- 
mark of the area, and it is not easy to make a mistake with. It 
was pointed out tons l)ysomc Mexicans traveling with our party, 
and by some Indians of the Pueblo of San Felipe whom we met 
there. The Big Tncnmcari, called now only Tucnmcari mount, 
is isolated by denudation and erosion in the great valley, called 
Plaza I^arga by the Mexicans, north of the Llano Estacado. On 
Mr. Cummins' map, he took the Big Tucumcari mount for Monte 
Kevuelto; and what he calls Big Tucumcari is truly the Little 
Tucumcari. As to his Little Tucumcari, it is a very small isolated 
hill, marked on my map, south of the true Little Tucumcari, but 
without any name. My geological map and the topographical 
map of lieutenant A. W. Whipple, of the Paoilic Railroad ex- 
plorations, by the iiath parallel, both surveyed and constructed 
in 1 853, are the only exact maps ever published on the Tucnmcari 
area, except a small sketch map, marked No. 4, in lieutenant J. H. 
Simpson's report of 1849, Washington, which gives also theexoct 
position, of the Little and Big Tucumcari. The map of Mr. Cum- 
mins, in the T/iirfl Ann. Rep. Gnol. Snrv. Texat, is at variance 
with the three first maps published, and according to right of ;)ri'' 
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rily ctinDOt be iiBcd for geographical names of the Tiicuiuoari 
area. 

Id the Marues litti'ce (variegated marls) of Plaza Larga no foBsils 
have been found, either by Mr. Oummioa or myself; but farther 
south-eastward, in continuity of the strata, Mr. Oummins has col- 
lected fragments of Stri/ocfpliali, CrocmJiHu. Chpnytauriit and 
ZatomitH. Above the variegated marls, so easy to follow bed by 
bed at the Pyramid mount section, we And a sei'ies of about 200 
feet of white and yellow sandstone, lilue clay, calcareous sand- 
stone and at the top a white limestone. The fossils begin to be 
found in the blue clay, about HO feet thick. A bed, two inches 
thick, of Gi-i/p/Kea dilatata var, tuciimcnrii, packed close together, 
is found at half a foot from the base ; and more of those Gryphini 
tucHtnriirii can be collected higher up, in the whole group of blue 
clay, with an 0»lrea of the Ostri'i murnhii form. Those two 
fossils are charactenstic Jurassic species, and indicate tliat the 
age of the blue clay is Oxfordian. 

Mr. Cummins accepts the Gri/phi^'i ili'latirttt var, iHcinnnirii as 
a good species distinct of the Gryplnr-i piu-heri at the Texas Neo- 
comian; but it is his only concession. In a special chapter, en- 
titled: "Notes on the geology of the country west of the Plains 
— Tucumcari, New Mexico," pp. 201-210, in the Thml Ann. Rep. 
Geol. Stti-t. Tr.r'is, Mr. Cummins contests the exactness of my 
conclusion in regard to the Jurassic ago, and he refers tbe Tu- 
cumcari t>edB to the Cretaceous, and in that system to the Wash- 
ita division; that is to say, to the upper part of the Lower Cre- 
taceous, above the Trinity division, and even above the Com- 
inaDcbe Peak and Fredericksburg division. 

Lithiilogi), — Mr. Cummins has a long and useless dissertation 
on lithology, saying that I committed an error, to call "Calcare- 
ous sandstone or sandy limestone'' the strata above the I>lne clay 
with Gryphieii tiimmr/irii, which he calls, also, like me, "Calca- 
reous sandstone, " It is exactly the same definition, and even the 
same name. In my wood-cut section of Pyramid Mount (see 
The Amekica!* Geolohist, Oct. 19B9, p. 1B2), for brevity of the 
table of explanation of the letters used to designate each bed, I 
used only "Yellow limestone," but in the description of tbe strata 
I call them " Yellowish siliceous limestone," and in Vol. ill, Pn- 
etjic Railroiid Ejrploriitioiis, " Calcareous sandstone. " So there 
is no ground whatever for a discussion. I have called the beds 
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in IK^H, '-ralcareoua aaiidatono, ' and Mr. Cummins calls the 
samu beds in WM. also. "Calcai-eous sandstone. " 

I'liiiioiilohiyg. — ''Tlic following is a list of the foaeils collectwl 
by inc (Mr. C'nmmins) fn)m the Tucumcari beds in the vicinity of 
Tuoumcari and Pyramid mountains:" 

drypluiM diliitatn var, tucamoari, Marcon. 

Oxtreii miim/iii, as determined by Marcoii. 

dr/fpJuHi pitclier! Morton. 

Ej-offgra ifxiiH'i KoDQ. 

Oxlreii ijuiMlri'plii-'it'i Shumard, 

7'.--yoM". emors' Con. 

C-y,liHm h;n„u»m Son. 

CyfhfTtii h—iieii»rt Con. 

TiirriteUo ti-rl-i!,,, gnmii/ulo Rom. 

I'iiiii'i 8J1. 

Ammoinlr-. 

IWie,,. 

Kvcryone who is familiar with assimilation of strata and par- 
allelism of formations, always takes special care to give proofs of 
identity of (ousils. by means of good figures and descriptions of 
species. Here not a ningle fossil pretended ti> be identical with 
fosHils of the ^Vashita division, is either figured or described. 
Mr. CuuiminH contents himself in saying: •■\ l>elieve if Marcon 
had seen the fossils I ha^'e collected he would not have hesitated 
to place the Tucnmctu'i beds in the Cretaceous." I shall 
ask simply, why Mr. Cummins did not send me his fossils to 
liMtk at? 

The Ammonites, which are always among the most important 
fiiiisils for determination of age of the strata, are not even Linte<) 
at: simply saying AmiiiiiHiti». 

Professor A. Hyatt made an ext«nde<l and very minute explor- 
ation of the Tucumcari area in IHKll. He collected numerous 
and important series of a i^uantity of fossils — at least sixty spe- 
cicH — an<l he aaked me to look over his collection with him. I 
did not see in it a single Cretaceous fossil ; no Gry/ihira jn'tcheri, 
no Kxngjira U.r<inn. etc. Professor Hyatt is justly considered as 
the best specialist, on this side of the Atlantic, for fossil ceph- 
aloiKxIs: and he has already worked out for the tieolc^cal Sur- 
vey of Texas. Uie ■ ' Carljoniferous eephalopods" published in the 
^•■••oiul Alia, li'/i.. anil is now engaged on the Naatilidteof Texas, 
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also for the Geological Siin-ey. Wlij- dirt not Mr. Cummiiia send 
■ his eollection t« professor Hyatt, at Cambrirtge. to compare what 
he got with the fine specimens of Mr. Hyatt? 

As it is, the Mat of fossils. published by Mr. Ciimmiiia cannot be 
used. I shall only say.thatilissimplyimpossiiileto flndtogetbeiiu 
the same bed the Ort/phra diliifiitiiv&r.iiiriii>iniri,v\thtiieGri/}tIf'-i 
pitchrri and the E.rogym li:r<in<i. Kither the foHsils dt'termined 
by Mr. Cummins are incorrectly referretl to species entirely differ- 
ejit, or by some accident Mr. Cummins' specimens have been care- 
lessly packed np and the labels have l>ecome somewhat mixed ov 
changed from one packet to another. 

Mr. Cummins insists with great forw on hiw discovery in the 
top t>ed of the Tucumcari mountain, of a fragmentary leaf of n 
dicotyledonous plant called Sterculi'i '{mki-i. which he descrilH-s 
and figures at p. 210. TInti! now. he says.iio angiospermous leaves 
have beeii found in ol<ler strata than the Crftaof-ous-and 'a single 
specimen in certain eases is sufQcient to definitely determine the 
age to which the strata l>elong. * 

Fossil leaves of .\ngiosperms have been f<nind, some time ago. 
round Fredericksbui^, Virginia, in strata calleil the Potomac 
formation, which is regarded by some geologists as iH'lunging to 
the lowest l>edB of the Wealden. and by some others as old as the 
Purt)eck formation or upper Jura of Knglaiid. .\ leaf resembling 
in the outline a leaf of sassafras has been found in the Potomac 
formation of Virginia, similar to the leaf found at the Tucumcari. 
So there is nothing very new in the discovery <if a leaf of 
dicotyledonous plant in the Jurassic bed of the Tucumcari 
mountain. 

I have showed before (The Aiie»i('an Gkolduist, Dec., 1889: 
"Jura, Neocomian and Chalk of Arkansas," pp. H57-367)that 
the Trinity be<ls of .Vrkansas contain a fauna entirely Jurassic, 
and that they belong to the Jura system. It seems, according to 
the observations of Mr. Robert T. Hill, that the upper part of 
the Tucumcari 3trata,above the horizon of the Gryi'li'iu luruini-ari. 
is related and of the same age as the Trinity be<ls. 

In ri'Bume,the supposed Cretaceous age of the Tucumcari strata 
is an error; not so great as the one of Messrs. James Hall, Shii- 
mard. Meek and Newberry, who synchronized them with the 
Dakota division of the upper Cretaceous, but is no leas a grave 
one, for it displaces a whole system of rocks from its position Just 
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above the Trios and below the true Cretaceous Neocomian of 
Texas, and pats it far up, as the upper portion of the I^ower Cre- 
taceous, or Washita division. 

Another grave error is the reduction of the Texan Trias to the 
upper 200 feet of that system, which has truly in Texas a thick- 
ness of no lees than 5,000 feet; and to refer to the Dj-as or Per- 
mian, not only the Lower and Middle Texan Trias, but even two- 
thirds of the Upper Trias, redncing the great Texan Trias to an 
insignificant system; and at the same time giving to the Texas 
Dyaa an importance absolutely imaginary, and out of all propor- 
tion to its value and position in American stratigraphy. Besides 
Mr. Cummins has increased also the already very great formation 
of the Coal Measures or Carboniferous, in placing in it the Lower 
Byas of Nebraska City and Plattemouth, Nebraska, which he calls 
All>any and Cisco divisions of the Coal Measures. 

As the Geological Survey of Texas has begun to publish geo- 
logical maps of groat area, in the T/iini Annual Rrporl, it is im- 
portant to signalize to its director the difference of opinions held 
by other observers than his own assistants in the survey, on ques- 
tions which involve gr^t scientific responsi bill ties, not only for 
Texas, bnt also for American geolog}'. 

Here is the detailed table showing the order of succession and 
classification of northwest Texas, the Indian Territory and New 
Mexico by Mr. Cummins, in comparison with the classification 1 
have given as far liack as 1853, and which has been repeated in 
detail in The American (Ieoi.ooist, September, 1889, pp. 
166-157. 

Mr. Marcou'K CUulllcatfoD. 

IHU. 
iOrspkaa jMcheH Ijnis- 
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THE AREAL WORK OF THE U. S. GEOLOGICAL 
SURVEY.* 

By W. J. MctlBi, Waahlnjitoti. 

When the U. S. Geological Siin-ey b^an its work some 13 
years ago, only a email portion of the public domain was mnpped 
out, so tliat the first thing to be done was to prepare a topographi- 
cal map. It was not considered then nor is it considered now, 
necessary to prepare a detailed map; all that was and is desired 
is a map giving the main landmarks and the contour lines, sur- 
veyed and drawn with Jost sufficient accuracy for the scale of the 
map and no more. It was at first decided to use the scale of four 
miles to the inch throughout most of the domain and employ the 
scales of two miles and one mile to the inch in more important 
centers. However, the methods of survey have been so much im- 
proved since then, and the cost per mile so much reduced in con- 
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«e<iuenct', tbat it bas lieen found consistent with economy to 
almnclim the four-mile-to-the-incti scale, and subsequently the 
two-mile-to-tlie-incli scale was abandoned also.. Tliis a<loption 
of the one-mile-to-tho-incli scale was also rendered necessary, as 
it Itecam.' evident tbat the requirements of geologists would not 
be met satisfactorily by the smaller scales. The total area sur- 
veyed topographically to date is 537.01)0 scgiiare miles, distril>atcd 
over 42 states and territories. Four states, viz,. Connecticut. 
Massachusetts, New Jersey and Rhode Island, together with the 
Pistrict of C'iiluml)ia, have been n>mpleted. Each sheet of the 
jnaps is about 15 x 1^ in. and the side of the one-mile-to-the-ineh 
map represents 15 minutes of latitude. The sheets are engraved 
on copper and arc printe<l from stone transfers. Each sheet is 
printed from three plate's, giving respectively the hydrography in 
blue, the altitudes l>et ween contour lines in shades of brown, and 
the topography in black. Alti^ether l>15 sheets are now printed 
in the <iifferent scales out of the t!!l4 sheets surveyed for. No 
legal provision has yet lieen made for the public sale of these 
maps. 

Nrt system has ever yet been uniformly adopted among civilize<l 
countries for n-presenting the geol<^teiil structure and character- 
istics in maps. .Most gt-ological authorities at present adopt some 
arbitrary system of coloring acconling to their own taste and 
fancy, so that the art of geological mapping may be said to be only 
in an experimental stage as yet The sj-stem adopted by the U. 8. 
Geological Survey is novel, aud is thought to meet the require- 
ments of engineers, miners, etc., in a better way than any other 
method yet proposed or tried. The system provides for the separ- 
ation of rock formations into four classes, viz. : 1. Fossiliferous 
or fragmental ; 2, volcanic: 3, granitoidal and schiatoidal, and 4, 
superficial. These classes of rocks are representctl by ground 
colors and pattern overprints iu such a manner that the entire 
range of available colors may lie use<l for each. The fragmental 
rocks are representeil by the primary colors in ordi^ly arrange- 
ment, each color indicating an ^e-group t Carboniferous, Silurian, 
etc.). These colors are used as uniform ground tints, and over- 
])rints in line patterns represent the distinct formations of which 
the group is made up. The volcanic rocks an- represented by 
angular figures either on a white ground or over a ground tint 
representing an age-group. The crystalline rocks are similarly 
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rt'prest'nU.'d by haclmres disposed eitlier irregularly or in sucli a 
manner as to indicate structure, Tbo superficial deposits arc 
represented by round figures in sucU a manner that they may be 
mappitl in their normal relation, overlying the older rocks, oa 
.the sheets showing tlie underlying formations. The general sys- 
tem provides for the representation of the geology on the topo- 
graphical maps. The atlas sheets are colored in mannscrtpt b}' 
the geologists in the fiehl and the geological symltols are after- 
ward fugraved on zinc. In order to make these sheets available for 
.all uses, provision has been made for printing each sheet in portfolio 
form, supplemented by as many difTerent impressions of the same 
map as may lie retjuiretl. Thus the portfolio will usually include a 
topographic sheet without geological symbols; a geological sheet 
showing ouly tiie age-groups and formations; a structure sheet in 
which sections drawn to acnle are printed on a sheet showing the 
groups and formation LKnmdaries -. sometimes a sheet of columnar 
sections showing the structure in greater detail ; in some cases a 
shi-et showing the suiH'rficial deposits only ; and when the occasion 
requires, a sheet of mineral n-sources, showing the location of mines, 
quarries, coke ovens, smelters and furnaces as well as mineral ureas. 

These geological surveys consume much time. .Moreover, a 
variety of cireumstanccw have combined to delay the completion 
of the surveys except in special districts, such as the Lake 
Superior iron regiou, the ijuioksilver anil gold regions of (.'ali- 
fornia, the phosphate Iwlt of Florida, the Knreka and Virginia 
City districts in Xevaiia, and some mining areas in Colorado. 

Final geological surveys of greater or less extent ha^e been 
executed in 'A'i states and territories. These sun-eys cover an 
area of 117,00(1 srpitirc miles, and are in part represented on 100 
regular atlas sheets and a large numiier of special maps. 

The cost of the toiHigraphical Hur\-eyB has varied with tiie scale 
and other conditions from less than tl to over itb per scpmre 
mile. The average cost of the surve}', including drawing, has 
lut-n i'A pers<|uare mile on the one-mile- t4)-the-inch scale and the 
total cost since the first han been a))Out M per square mile. The 
cost of the geological survey has varied bctwccm much wider limits. 
Tn fairly representative districts the co.'tt has avcrageil $5 to *(i 
per square mile. The average cost from the beginning has avcr- 
.agod !i<K per square mile, but this cost includes preliminary ex- 
[M'liditnre on instniments, )Kx>ks, laI>oratories, etc. 
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THE PRESENT BASAL LINE OF DELIMITATION OF 

THE CARBONIFEROUS IN NORTHEASTERN 

MISSOURI.* 

By CuiBLlB RoLi.iN Kkves, Do Motiiea. 

Although for maay years past the Kinderbook beds have been 
regarded as the basal part of the Lower Carboniferous, or Missis- 
sippian scries, in the upper Miesissippi valley a decided DevouiaD 
facies of the contained fossils has always been observed. This 
particular faunal aspect has occasioned much comment and has 
attracted wide notice. 

So much were some of the earlier geologists impressed with this 
character of the organic remains that thej' hesitated hut little in 
referring the beds in question to the upper Devonian (C'hemnng). 
The best exposures of Kinderhook rocks are found along the 
Mississippi river at Burlington, Iowa, Kinderhook, 111., Hannibal 
and Louisiana, Missouri, At all of these places the lithological 
charactei-s are practically the same, e.tcept perhaps towards the 
more northern limit of their exposed range, where the upper part 
is changed somewhat and the lower portion does not rise al>ove 
the water level. 

At Louisiana the exposures arc perhaps more open to ol>sen'a- 
tioD than elsewhere; though tor seventy utiles along the river the 
outcrop is practically continuous. 

The vertical section at the place just mentioned is as follows: 

Ft. in. 
16. Brown and white, compact, encrinital limestone thinly 

bedded, with some cfiert 75 

15. White, etiorinital litneHtune very heavily l)edded 12 

14. Coarse-Krniiied encrinitnl limestone, very heavily 

bedded 20 

13. Mtweive, wliite encrinitnl limestone, coarae-grained 
with abundant white chert nodules and nodular 

bands . 11 

12. Brown encrinitnl limestone, compact and heavily 

bedded, aim lew hflt enrtlily in places 15 

11. (lompnct, fine-Brnined bufl linieetnne with lew or no 

partings 15 

10. Kandy Mliules, brown ixh.fonnint^ soft friable eand^tone 

locally . , , 13 

9. Greein'sli, clayey ^lialeK 70 

8. Tliinly l>edded, compact limestone, fine-grained, with 
conchoidal fracturf. in layers 4 to inches in thick- 
net>i<. like litlto^rnphic stone in texture and appear- 
ance 50 

♦Published by permiBsion of Mr Arthur Winslow, director of 'the 
Geological Survey of Jfissouri, from work prosecuted during the years 
1891-2. 
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7. Sandy clay ithalf^ (2 to 4 inches) 3 

6. Drab or greeniiih i^layey xhale 2 

5. Block, fisBJle clav dhale 4 

4. Buff, inaKn«>*>&ii limestone, very heavily bedded ID 

3. Compact, white oolite 5 

2. Blue clay-nhale, witli thin bands of impure iimegtoue 61) 

1. Heavily bedded limestone, expoised 5 

No. I is the Trenton hmestone; 2 the Hu<lBon River shales: 3 
and 4 probably repreitent the Niagara limestone; the first increas- 
ing rapidly in thickness southnard, and in a distance of 20 miles 
reaches a vortical measurement of 30 to 40 feet. 5 and 6 are 
probably Devonian, equivalent to the "black shale" of adjoining 
states. Number 7 is a thin seam 2 to 4 inches in thickness and 
highly fossil if erouH. With few exceptions the '-lithographic' 
fossils come from this layer. Tt probably Iwlongs more properly 
nitfa beds & to 6. Apparently the oi^nic remains are nearly all 
identical with forms from the Hamilton rocks farther northward. 
Should the union of this thin highly foHsiiiferous soam to the 
underlying shales Ite more in harmony with the real relation of 
the faunas of the respoctive l>e<)H, as now seems likely, than with 
the faunas al)ove, it would remove to a great ext«nt the present 
Devonian facies from the lithographic (Louisiana) limestone. 
B is the Louisiana limestone, a compact, rather thinly lioddcd rock, 
l)reaking with a conchoidal fracture. It is very poor in fossils. 
Numbers 9 and 10 are the ITannil>al shales. II, the Chouteau 
limestone, with a few fossils. Number 12 is the Burlington 
limestone, with the cliaraotoristic basal faunas of the Burlington. 
13 is also the lower Burlington, carrying oonsiderabte chert, and 
containing the most proliftc fauna in the Mection. 14, 15 and 16 
belong to the Burlington limestone; the upper portion containing 
the typical fauna distinctive of the upper division. 

Owen*, who was the first to give attention to the geological de- 
tails of the rocks as exjwseil along the "Father of Waters" above 
the mouth of the Missouri, limited the term ''Subcarboniferous,*' 
which hitherto bos long l>een applied to all the strata l)clow the 
Coal Measures as far down as the Hudson Kivor shales, to what is 
now known as the Lower Carboniferous, or ^lississippiau series. 
The Louisiana or "Lithographic limestone" was not included; for 
his "Ai^llaceous Marlitcs" seem to have been reganled as the 
basal member. 

•U. f . Cieol. Mur. Wincoiisin. Iowa, and Minnesota, p. 92. (1852.) 
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Swallow*, Hftllt.antt White*, who are all well acquainted with the 
sectioDB and their fossils, correlated the beds immediately below 
the Barlington limestone with the Chemung (Devonian). In 
northeastern Missouri and adjoining portions of Iowa and lllinob, 
the "Chemung'" includes the Chonteau limestone, Vermicnlar 
shales and Lithographic limestone. 

Hall having studied more particalarly in Iowa, erroneoasly re- 
garded certain sandy shales, or yellow sandstones, jost below th« 
great limestone at Burlington, identical in age with a lithologi- 
calty similar rock 50 miles to the northward, at the month of 
the Pine creek, Muscatine county. The latter has recently been 
shown by CalvinS to belong to the Hamilton group as known in 
Iowa. Consequently Hall having investigated the northern local- 
ity more thoroughly, perhaps, very naturally came to the conclu- 
sion that the entire formation under consideration, as he under- 
stood it. was actually Devonian. But, as already shown, the 
rocks of the two places are widely separate<l in point of time. 

Meek and Worthen||, who had considered chiefly the fossils in 
the upper part of the so-called "Chemung,'' both at Burlington, 
Iowa, and at Kinderbook, Illinois, a few miles from Hannibal, 
Missouri, regarded the fauna more closely related to the Carbon- 
iferous than to the Devonian. Since the publication of thes^ 
views writers upon the subject have accepted them and they liave 
been adopted in the geological reports of Illinois, Missouri and 

By reference to the vertical section already given it will be seen 
that the commonly knowu Kinderhook of this region is a three- 
fold division, the upper and lower being limestones and the 
median one a clayey or sandy shale. At Burlington the fossils 
heretofore not«d have been found only in the upper portion of the 
formation, though recently an extensive and interesting fauna 
has been discovered in the clayey portion much lower down. 
Here the lower calcareous member is not exposed. At Louisiana 
and the vicinity the median member is practically unfossiliferous; 
as is also the lower, except at the very base. 

•Oeol. Hur. Missouri, Ann. Itep., p. 101, (186S.) 
tGeol. Iowa, Vol. I, p. 90. <18&8.) 

{Proc. Boston Soc. Nat, Hist, Vol. viii, p. 289. (1B62.) 
4Amekic.i\ GBOi-otiiST, Vol. Ill, p. 25. (1889.) 
Jl.im. Jour. S.-L. (1>). Vol. x.vxri, p. 167. ( 1886.) 
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It will be recalled that Marion and Pike counties, Missouri, at 
Hauniljal, Louisiana an<l Clarkesville principally, were the leading 
localities for a large proportion of the "Kinderhook" fosslln 
origioall; described by Shumard,Hall,Whiteand Winchell. And it 
has been noted that most ,of these fossils have a vcrj' decided 
Devonian aspect; that they give a peculiar tone to the fauna 
of these beds. 

Heretofore little mention has been made concerning the exact 
horizon of the foasila in question, since reference to the ''litho- 
graphic" limestone or "Kinderhook' lieds has been considered 
sufficient. Lately, however, extensive ooIlectionH of fossils have 
been made at all three of these places just mentioned as well as 
many intervening and neighboring exposures. Everywhere the 
"titbographic, " or ]x>uiBiana, limestone has been found to he 
practically devoid of organic remains except an occasional form 
in the thin sand partings above the bottom layer which is less 
than one foot in thickness. 

At the very base of the limestone is a thin seam of butf, sandy 
shale seldom over three or four inches in thickness (number 7 of 
section). 

This seam is highly fossiliferous. It contains the Fruilui-ti'Un 
p^.rid<,tii {H&U), Ci/rtuKi 'H-((/.Vo«n> (Shumard), <'l.'.nihx nnmta 
(Shumard), Spri/em h'iiiiiiliiilcii»i*{ShamaTd), and a host of other 
forms, many indistinguishable from species occurring in undoubted 
beds of western Hamilton. The sandy seam is underlaid by six 
feet of dark argillaceous shale which has been regarded as part of 
the Devonian "black shale" of the Mississippi basin. This in 
turn rests upon 15 feet or more of buff, magnesian limestone and 
oolite of Niagara age probably. 

Lithologically the thin sandy layer is more closely related to 
the underlying shales than to the overlying limestone. Faunally 
it has ver}' much closer afUnities with the western Hamilton (De- 
vonian) than with the Kinderhook (lower ('arboniferous). 

In Iowa the "Devonian aspect" of the Kinderhook fossil:* has 
disappeared largely, since Calvin's recent discovery that the 
"Chemung" sandstones of Pine creek, in Muscatine county, are 
in reality true Devonian. In Missouri the same Devonian facies> 
of the fauna contained in the lowest member of the Carlmnifer- 
ous is lost from view completely by eliminating the species foundi 
[n the thin sandy seam nt the base of the Louisiana, or lithographic.. 
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limestone. ThuH the faunas of the Devonian and Carbooifer- 
ooB of the upper Miasisaippl ralley become more sharply con- 
trasted than ever. And the apparent mingling of faonas from 
the two geological ayatems manift-stly is due to erroneons as- 
sumptions rather than detailed field evidence. 

Depriving the "Lithographic' limestone, which attains a thick- 
ness of more than RO feet at Louisiniia, in Pike county, Missouri, 
almost entirely of the extensive fauna commonly asoritted to it, 
and which has been seen comes from a thin seam lying below the 
calcareouH layers. it« geologic age becomes a problem yet to be 
solved. The few fossils known from the limestone itself have 
been heretofore rarely met with. But until abundant evidence to 
this effect is fonnd it seems advisable to still consider the 
Tjouislana (Lithographic) limestone in this region as tbe baaal 
member of ttie Carbon if erous. 

1 1 appears very probable that a marked unconformity exists be- 
tween Ihi- Carboniferous an<l Devonian rocks of the area under 
consideration, instead of n regular sequence of strata as has been 
supposed usually. The proofs of this statement, however, are 
not such at pn>8ent as to warrant a definite formulation of the 
evidence, yet many facts recently observed point strongly towards 
this coucbision: while the sbarj)ly contrasted fauna! peculiarities 
are in themselves very suggestive, and ven' remarkalile. 



EDITORIAL COMMElfT. 



The FmsT Dwwn of thk ( 
With this mouth closes the tenth volume of Thk American 
<iE(>LO()isT. It may not be unwholesome to rovert briefly to the 
|>ast five years. That time is too short an interval to warrant 
the expectation of great results, or to span any of the great 
cpoclis which mark revolutions in science. There is of course in 
the historj- of every revolution, whether in politics or in science, 
a seeding time and a reaping time. The changes in geologic 
science, however, ha^■e alwaj-s lieen so gradual, and spread over 
HO many countries, that the participants have rarely realized 
whether they were sowing or reaping; and it has required the 
observer of a later generation, who could gather up the elements 
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of the science of the past and analyze them, to point out the seed 
and the fruit it may have produc«d. While the science of geol- 
ogy can claim hardly more than a centurj', though it doubtless 
existed long in an embryonic state, it has witnessed some marked 
periods of progress. Epoch-marking men can bi' pointed out all 
through its historj-. Siicii were Hutton. Cuvicr, Darwin and 
Louis Agassiz. ^uch were Amos Eaton, Kbenczer Emmons and 
Leo Lcsquereux. Yet during their lives they were not known aa 
such. They had their opponents and difHciilties, and their fol- 
lowers only could fairly appreciate their lalmrs. 

The AiiKUicAN Geoukiiht cannot distinctively lay claim to the 
credit of sowing seed, nor reaping fruit. It doubtless shares, 
however, in both. No such publication can be said to exist with- 
out some Influence. The fntiire only will reveal what may be the 
effect of its influence on American geology. Inside of the cases 
of its ten tomes, which have lM>en sent regnlarly tu all parts of 
the world, are containc-d the thoughts of numerous American 
geologists, on many of the obtrnsive problems of the science as 
they have come before students in America. Besides 'the ' 'Ke- 
views," "Correspondence'' and "Personal an<t Scientific News,'' 
those volumes contain 24fi contributed articles, not written by its 
editors, 108 editorial articles, and 56 articles of "editorial com- 
ment." There have been described, within these ten volumes, 
23 new genera and 117 new species of fossil forms. Microscopic 
petrography and general paleontology and Btratijrraphy have been 
fully represented in its pages. While nticeasnrily questions of 
general geology have had a la^e share in the pages of the Oeoi.- 
iKiiST, yet the relations of geology to education and to ethical 
training, as well as tA the operations of the miner and tlie sur- 
veyor have fre<iuently been discussed. Astronomers, chemists 
and mineralogists have alike found information and valuable re- 
search liy perusing its monthly issues. 

Notwithstanding this, the liKot.noiHT has not accomplished, in 
its full measure, as intended at the outset, and as foreshadowed 
in the "Introductor}, " at the opening of volume 1, all that its 
editors Lave desired. It is natural for roan to plan and adopt as 
nearly aa possible a model design ; it is, alas, also natural that 
its accomplishments should fall short of the perfect model. The 
editors of the Geolcmust are no exception to that order of nature, 
and they admit that their efforts have not been suRicient as yet 
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to carrj- out all that was promised in the "Intrortuctorj. " Per- 
haps they will be able to approach nearer to the achievement of 
their highest hopes during the next Ave years. 

Five years ago, in the midst of a general feeling of disquiet 
among the geologists of the country, seven men boldly took the. 
initiative in the establishment of an American journal which 
ahonld give expression as well to the ' 'feeblest whispers" as the 
"loudest thunder'' of geological thought iu America. Six of these 
discharged all their promises, and, except for the intervention of 
the pale messenger, six of them would still lie found steadfast in 
their places. This board conducted the Okolooist through two 
years. Five remain of that seven, but their burdens have I>een 
lightened by the addition of seven others to their ranks. 

On this accession to the editorial Imard, making twelve, it was 
planned, at first, that each editor should Ik responsible for the 
issue of one number, in alphalictical rotation. This has been in 
a measure carried out, but it was found shortly that the labors of 
the respective monthly editors would have to be mixed in the 
monthly issues. The editors are scattered' from the Atlantic to 
the Pacific, and from the lakes to the gulf, and with all possible 
precaution and dispatch the timely successiou of contributions 
could not be kept in orderly routine. Therefore there is no way 
of indicating the amount of work done by the individual e<]itors, 
nor of establishing the authorship of the anonymous articles, ex- 
cept that each contributor knows his own. 

It has been the practice, from the first, to maintain an anony- 
mous editorial <lcpartment, and also to print all reviews anony- 
mously. The unpleasant truth must sometimes he told, and it is 
more likely to be told and told correctly under the shield of an 
anonymous journal than when its relator is compelled to carrj' 
the brunt of all its consequences. Therefore the editors have had, 
equal and untramelled freedom, as individual editors, to write 
whatever they chose. Sometimes they have found themselves at 
variance on views expressed, and they have had the privilege not 
only as individuals to disown what they did not approve, privatoly, 
whenever they have been disposed, but even to criticise the 
Geoloqist publicly in their own name, or to write counter edi- 
torials in rebuttal of other views. The Oeoumhst is therefore 
no -'composite photograph' of twelve, without character and 
oomplexion, and destitute of all dominant traits, but is instead a 
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lively succession of single photographs each one of which shows 
its strong traits. The editors understand this and tbey wish the 
reader aiso to bear it in mind. M'hile thv fJKOLooisT as a journal, 
is responsible for all that is sat<) between its covers, the separate 
editors must l)e considered responsible in the first instance only 
for what they may contribute; but, secondly, they share in the 
Joint responsibility of the anonymous articles. The former they 
cannot repudiate, t)ut the latter they may disclaim in any way 
they choose. It is manifest that this secures for the Journal the 
largest possible result from a composite editorship, and yet 
yields to every eilitor the right of such individual person- 
ality OS he may choose to assert irrespective of his nsso-' 
ciat«s. 

The o<litors wish to take this opportunity to again expi-es» 
their obligations to the geologists of America. Without their 
co-operation it wera vain to attempt to sustain such a magazine 
in America. The editors feel eucouroged, and even flattered, by 
the cordiality and generosity with which the journal has been 
received. While it has not yet reached a self-sustaining finan- 
cial basis, it has come very near to it, and the editors arc confi- 
dent that in the near future with a continuance of the favors of 
the past it will pass that mark. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 



.Vfli. ai«/ i/i^ UbirUil IWImI By G. Fkeijkrick AVKUiirT. Witli an 
appendix on TertiHnj Mun.hy Prof. Henry W. IIavkkm, pp. 386, with 
three folded maps, andlOSflRuresinthe text. NewYork: D.Applfton 
A Co. (No, 69, International Scientific aeries.) 

This work is partly an abridgment and partly an extension of the 
author's previous larger volume, " The lee Age in North Anieticn." 
UlitcierB and ice-eheeta now eJcistIng are described in the first tiiree 
chapters, stiecial attention being given to the Muir and Maioypina 
glaciers in Alaska and the ice-sheet and glaciers of Greenland. Tlie 
next two chapters are devoted to tlie Pleistocene glaciation of Sorth 
America, its striii', tiil,drnnilin», terminni moraineH.kanicfi, and valley 
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drift and tprrnces. The Mixth chapter treate of th« ancient glaciers 
of the Alps and utiier niountainij in the eastern hemisphere and the 
ice-Hheetx and glacial drift of northwestern Europe, including a verj 
interesting descriiitiim of the dtift in Great Britain by Mr. Percy F. 
Kendall, with an excellent contour map of the British Islee, 

In the seventh chapter the tthanges of drainage produced by the 
ice-8heets are described, with the formation of a glacial lake in the 
Ohio valley, of the much enlarged Laiirentian lakes when the receding 
ice was a barrier preventing tlieir present northeastward outflow, of 
lake Agassiz in the valley of tlie Bed river of tlie North and basin of 
lake Winnipeg, and of the Quaternary lakes Ifonnevilleand Lahontan 
in the arid Great Basin of interior drainage. For the parallel roads 
of Glen Boy in Scotland the old explanation is given, ascribing them 
to obstruction by a local glacier, instead of which .lamleson has shown 
that the glacial lake of Glen Boy was pent up by the departing 
Bcotti«h ice-sheet. 
Tlie evidences of man's existence during the glacial jteriod both in 
■ Eurojie and North America are the subject of the eighth chapter. 
For this continent the author should have added, besides the many 
localities which he cites where stone implements have been found in 
river gravels belonging to the ice age, the three discoveries showing 
man to have liecn contemporannnis with the great I'leistocene lakes, 
namely, the charred sticks, ashes and stones placed to form a rude 
hearth, found at a depth of about 18 feet under tlie ridge of beach 
gravel on the shore of the glacial lake, Iroquois, in Gaines township, K, 
Y., which Gilliert refers to the time of discharge of this lake through 
the Mohawk and Hudson rivers; the chipped fragments of quartzite 
found by Tyrrell in a beach of lake Agassiz ; and the olMiidian spear- 
head discovered by McGee in the sediment of lake Lahoutan. 

Professor Wright discusses tlie cause and date of the glacial period 
in the two remaining chapters. Concerning the cause, he agrees 
witli Ujiham and I<e Oonte tliat it was probably the great altitude to 
which the glaciated countries had been uplifted during the closing 
stage of the Tertiary era and beginning of the Quaternary, sliown by 
fjords and submarine valleys to have been generally 3,000 feet or 
more above their present higlit; and concerning the length of the 
Postglacial or Itecent period, his observations accord with thoae of 
N. H. Winchell, Gilbert, Andrews, and others, that probably only 
about 7,000 to 10,000 years have elapsed since Canada and the north- 
ern United States were uncovered from tlieir ice-sheet. The length of 
the Glacial period is lielieved, as by Prestwich, to have been probably 
no more than 30.000 or 40,000 years. Only one epoch of Pleistocene 
glaciation is admitted by the author; and the supposed interglacial 
forest beds and otiier fnssiliferous beds between deposits of till are 
attributed to nioderate recessions and re-advances of the ice-border. 
This interpretation and some others of the author's conclusions, es- 
pecially those relating to the cause of the Ice age and its date and 
duration, will doubtless be topics of much further debate by glacial- 
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Igts, ikH indeed they have been already during many years, before 
.unanimity of opinions will be reached. 

ProfesBor Haynes, in an appendix of ten pages, reviews the evidences 
'which by some archttologists have been thought to indicate man's 
'«xiet«nce in the Pliocene and Miocene periods, and concludes that 
they are wholly unreliable. The antiquity of our race, so far as it is 
-demonstrated by geoloj^y, extends back, therefore, according to these 
authors, probably not much more than 30,0U0 or 30;000 years, for the 
earliest discovered traces of pnlivoHthic man seem referable to the 
time of maximum extension of the ice-sheets and their ensuing stages 
■&I retreat- 

.Vnmmalin from .Voniji/lhi. Bv K. I.vuKkkKR, Em<). ('ontriliuted to the 
Records of the Geological survey of India (vol. x.viv, pt. i, pp. 207-11). 
Fourteen specimens representing several species ilTjiirna Eqvitt, 
Gmella) are described, and according to the author, great interest is 
jittoched to these species for the reason that they carry the Pliocene 
mammalian fauna to a more northern district of China, than has hith- 
■erto been reported, and that they indicate two new Indian Biwalik 
.species in (-hinese territory. Three figures of teeth in the text. 
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Geological Survey of Texas, Bulletin Xo. 1. Artesian water on the 
Xlano Bstacado, Dr. Geo. G. i^humard ; also Report and analyses of 
Texas Sumach (Rhus copallina), by George II. Kalteyer. Austin, 
1892, pp. 19. 

Sketch of the Geology of Alabama. E. A. Hmith, st«te geologist, 
octavo, pp. 86. 

First Report of the Bureau of Mines, to the Legislature of Ontario, 
Archibald Blue, Toronto, 1882, pp. 253. One geological map. 

U. S. Dept. of Agriculture, Kelatiims of Hoil to Climate. E. \V. 
Ililgard, Washington, 1892, pp. 69. 

U. 8. Geol. Survey, Mineral Resources of the United States, calen- 
dar years 1889 and 1890. David T. Day. Octavo, pp. 671. 

II. Proreeiliiiyt of Srieiitijlc NwtV/iV*.. 
Acad. Nat. Sci., Philadelphia, Part ii. April -October, contains: 
Mineral localities of Philadelphia and vicinity, Rand, Jefferies and 
<'ardeza; The Fauna of the Blanco beds of Texas, E. D. Cope; A 
revision of the Xorth American Creodonta, with notes on some genera 
which have Iwen referred to that group. \V. B. Scott. 
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Koyal Society uf Canada. Traiisarliuiia, vol. i\. tiec. it. eiiiitairts: 
Parkft decipienij. Notes on Bpeoimene from the collections of Jame» 
Keid, Sir Wni. l>Hwson and Pnif. PenhaUow [KevJewed in the (ieoLo- 
oisT, vol, i-t, p. S*l]; The fpild-bearinK rockd of Xeu- Brunii wick, and 
the passible discovery i>f remunerative fjold deposits in'that province, 
L. W. Bniley; Two species i>r trees from the Fost-Glaeial of Illinois, 
D. P. Penhallow; lllustrationi^ of the fauna of the St. John Rroup. So. 
VI, «. F. Matthew; On the K«>'<>KJ' •*t theSt.Clair tunnel. Frank D. 
AdamA : The Orthoceratidw of the Trenioii limes'tone of the WiniiipeK 
ba^tn, i. F. \Vhit«ave«. [Reviewed in the UeoroRiHT. vol. x. p. 134):. 
Deep welld in Manitoba. J. B. Tyrrell ; (lu tlie Keology of part of the 
Province of (Quebec, K. W. Ells; On tlie mode of occurrence of rpinains 
of land animals in erect trees nt the South .lof^ins. Nova Scotia. .t.W. 
Dawson. 

Annaleti de la Soc. (ieol. de Belt;i<|ue. Tome ii.v. -2 me livraiiwn. con- 
tains: <.'ontril>ution A I' ^ttide dn frasnien. X. Stainier; Observations 
Bur la correlation des diverses bandes considf'r^s comme frasiiieniies 
par M. X. Stainer. \mt (i. Dewaliiiie ; t^telques observations relatives 
au devonien du hassin de Namiir, G. Malaise; l>e la formation des 
depots de phosphate de chaux dans la province Ae fJffce.Cani. tiillet ; 
Siir une anali>Kie de formation d'une vnri^t^ de phosphate de chaui 
de Hesbaye et des phosphates de Curacao et de la Floride. M. I^ohest ; 
Distribution d'ean de BruxelleB. par Kd.-G. I>etienne, 

Bulletin de la Soc. tieol. de France. I. xi\. No, 13. July. 1«»2. con- 
tains: Note sur )a succession des zones dn terrain crftacf du Beaus- 
set et sur ieur comparaison avec celles des MartifE'i^s. \. Toucas : Note 
aur la serie saumiltre de Fuveaii et de Rofcnac. Ph. ^latheson : Note 
sur le f^isemeiit du Kouve et sur I' (i|^ des couches cretacf^ supi^rieures 
du Beausset. M. Pertm : Note sur la bande d' nffraissements de (*hi- 
bron. M. Bertraiid ; Sur I' allure tourmfnt^e des plis isoclinaiix dans 
les montBKues dp la Savoie, M. Kilian; Observations sur 1" iljre des 
plis de la Pn>vence. M. Collut : Sur le Bajocian du Var, M. Kilian ; 
Kote luir les zones de plissements deSalernes et d'Aups. M. Zurcher; 
Observations sur les couches Ituviu-la-custres A I^ychnus et I' Urf{i>- 
aptien d' Orfcon (Houches-du-Khitne). par Edm. Pellat, 

Jahres-Bericht d. Naturforsch. Oesell. (4ranbrindens..\.\\v, { 1890-91). 
Ohur, 1R92. contains: cieoloKtsclie Bnu des l{hi)likon){ebirf(es. Chr- 
Tarnutzer. 

Mittheiluiigen deI^ Nnturf, Gessell. in Kern. lf)»l nR92). Nos. 1265- 
1278. contains: BeitrilKe znr interKlncialzeit auf der Sndseite der 
Alpen, .K. Baltzer; l>er l.oess des^t.^allischen Klieinthals. X. Baltzer; 
Zur herkunfi der hernischeii bunten Na)^l-fluh. A. Baltzer. 

.Vnnalend. K. K. Naturhist. Ilofmseums.M'ien. 1893. Band vii. No. 1 
u. 3, contains: Die (iastropodeii des Schichten von St. Cassian der 
sudalpineu Trias, ii. Theil, Ernst Kittl. 

Abhaiid. d. Gross. Hess. (ieol. Land-Anstalt. zu Damnstadt, Band 
II, Heft 2. comprises: Die alten Neckarhetten in der Kheinebene. von 
A. ^lanj^ild. 
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Ueber die bnanltiHclien Krnlerbildungen mirdlidi iind iiordnstlich 
"von Uiexseii, A. Streng. (xxi\, Ber. d. OberheHs, Gessell, Nat. u. Heil- 
kunde, zii Giesiten). Eine Keixe in das Land der Mormunen, A. 
Strong (Ideii). 

(Teolojjisclie iiiid geograpliisclie Experiment*^, vim Ed. Heyer(\Veiu). 
I u. II Hert^, T'eipzig, 1692. 

IFF. — I'upert hi Srientifie Juiii-iiiiIk. 

Can. Uecurd of Science, Vol. v. So. 3, contains; Thomas 8t«rry Hunt, 

J. IV. DAWHon,(with a portrait); The Utica terraiie in ('aiiadn, H. M, 

No. ^contains; Deacriptiuti of a new genus and »peeiet< of phyllo- 
carid Unistacca fnim the middle Cambrian of Mt. (Stephen, B. C, J. 
F. Whit«Bvea ; The Utica terrane in Canada. Henry M. Ami ; Notes on 
Cambrian faunae, G. F. Matthew. 

Jour. Cin, Six-. Nttt. Hist., Vol. w. No. J, eontaina: The preserva- 
tion of plants ait foitsilH. Jos. F. Jamex ; Some new »i)ecieK and new 
structural parts of foMails, S. A.'. Miller and Chun. Falter ; Maiuinl of 
the paleontology of the ('incinnnti );roup, Jos. F. James. 

Geological Mngnziiie. .Sef^t. ; Notes on Bussian geology, W. F. Hume ; 
The mammoth and the glacial drift, H. H. Howorth ; On rapid eleva- 
tion of submerged land k and the possible results, E. Hill; The so- 
called serpentines of Lleyn, Catherine A. Itaisin. 

'«■(. : Further Additions to Australinn fossil Echinoidea, J. W. Greg- 
ory ; On T.iassic sections near Bridpiirt, J. Francis Walker ; Further 
remarks on the Coniston limestone, J. E. Mnrr;N'ot« on a granite 
junction in the Boss of Mnll. J. G. Goodchild; The Mn hern crystal- 
lines, A, Irving. 

Norfiix. Further contributions t-o the Devonian fish fauna of Can- 
ada, A. S. Woodward; On porphyritic iiunrtz in basic igneous rocks, 
A. Harker; Litliophysii? in obsidian, Lipnri, H. J. Johnston-Lavis ; 
Faulting in drift, T. Mellard Beade ; Glacial geology. Old and New, 
Percy F. Kendall ; Welenoiogj', S. E. Pesl ; The niammotlt and the gla- 
cial drift, a reply to A. J. Jukes-Browne. H. H. Howorth. 

Am. Jonr. Bci., iSV/)(. The Gulf of l[esico, ns a measure of Isustacy, 
W.J. McGee; Kelnuea in April, 189l», S. E. Bishop; The Devonian 
system of eastern Pennsylvania, (!. S. Prosser ; Belations of the I^au- 
rentian and Huronian on the north side of lake Huron, A, E. Barlow ; 
Note on the change of electric conductivity observed in rock magmas 
of different composition on passing from liquid to solid, Carl Barus 
and J. P. Iddings; Etitimation and dehydration of silver oxide, M. 
Carey I-ea. 

Oct. An ottrelite bearing phase of a metamorphic conglomerate in 
the Green Mountains, C- L. Whittle ; Mica peridotite from Kentucky, 
J. 8. Diller; Glaciation in the finger-lake region of Sew York, J). F. 
Lincoln ; Crj'stallogrnphy of the CH'Sium-merciiric halides, H. L. Pen- 
field; Kestorations of Clnvsaurua and Cera toanurns, (i.V. Marsh; Ites- 
toration of Mastodon americnnus Cm:, 0. C. Marsh. 
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Siirtiii. Unity or the t^lacinl epoch.it. F. Wright: ('ontributions to 
mtneralogf, No. M, F. A. Geoth, with crystal logrnphjc aotes t^ &. 
L. Peofield; Notes on the FarminKtoD. WaBhinfcton county, Kansas. 
meteorite, ](. L. Prvston; A note on the (.'retaceoue or northwestern 
Montana, II. A. Wood ; The deep artesian boring at Galveston, Texas, 
K. T. Ilill: N'oticeot a new Lower Oriakany fauna in Columbia county. 
New York. (', E. Beecher, with an annotated list of fossils, by J. M. 
Clarke : Desicription of the >It. Joy meteorite, E. E. Howell. 

IV. Ej-'cerpt^ ami Imlir!>l,ial PnbUcation,. 

The poet-Lsranlie beds of Middle Park, Oolo. Whitman Cross, 
Proc. Col. 8ci. 8oc.,0ct., 1892. 

Notes on some eruptive rockx from Alaska. Geo. H. Williams, Nat. 
Geog. Mag., Vol. jv. 

The Vailan or annular theory. Stephen Bowers, Ventuta, Rvo, pp. 
34. IS92. 

r. Fiirelj/H PahUcitioHt. 

Bcientific Proceedings of the Koyal Dublin i^ociety, Vol. tii (n. a.), 
March. 1892. Part 3, contains : On the structure and origin of the 
Quarlzite rocks in the neighborhood of Dublin. W. J. SoUss. 

The fossil Crinoideain the British Mu^um <an attempt to put into 
practice modern ideas of museum arrangement), F. A. Bather. From 
the annual report of the Museums Association for 1891. 

On the discover; of mammoth and other remains in Endsleigh 
street (Ixndon). Henry Hicks. From the Quart. Jour. Geol. 8oc., 
Vol. XLviir, p. 463, 1892. 

Hoc, Geog.duN'ord. .Ynnalesxr.v, 1891, contains: Notice preliminaire 
sur la nature et I'origine des phosphates dechauxde lacraie. Renard 
et Cornet ; Observations nu sujet de la note sur le terrain hooiller du 
Boulonnais de M. Olry, par M. Gosselet ; Composition de I'^tage 
houiller en Bas-Houlonnais, par M. Ludovic Breton ; Note sur la de- 
couverte d'une faune marine dans lea sables landeniens par M. Oos- 
B«let 1 Apercu sur les gites de phosphate de chaux de Hesbaye d'apr^s 
les travaiix de MM. Ijohest, Schmitz etForir, parM. Giosselet; Sur les 
terrains phosphates de Picardie, par lienri Lasne ; Observations sur 
le terrain Silurien des environs de Barcelone, par Charles Barrois ; 
Dequelques theories nouvelles, par M. Peroche; Les Insectesdes 
couches triasiques de FairpI ay, Colorado. Analyse d' un travail de 
M. 8. Scudder. par M. Charles Maurice ; Sur I' existence d' un gise- 
ment de Blende et de Gaifene dans le department du Nord, par L. 
Cayeux ; Etudes micrographiques du tuffeau &■ Cyprina planata du 
Nord de la France et de la Belgique ; Du rAle Diatomees dans la 
formation de ce Tuffeau (notice preliminaire), par M. L. Cayeux ; La 
Craie da Nord de la France et ta boue il Globig^rines (note prelimi- 
naire) par M. L. Cayeux; De I'existence des Diatomees dans l'ypr<!sien 
du Nord, par M. L. Cayeux ; Diffusion des trois formes diatinctes de 
1* oxyde de titane dans le Crf tac*? du Nord de la France, par L. Cayeux ; 
Memoire nur la faune du g^^s AmoricaLn,pHr Charles Barrois; La 
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Craie dii Nord est bien un depfit tetrigtne, par M. L. Cayeux ; Siir un 
calcaire moderne concretionii^ nveo djatomfes de Saint-Sectaire-le- 
BaB, par M. L. f'ayeux ; Composition min^ralogique dea Sables gtau- 
conieux Inndeiens, par L, Cayeur ; Note sur le Tertiaire dii Boulon- 
naiB, par H. Parent ; 8epu)ture de 1' ilge de la Pierre polie t\ Kouvroy 
(Aisne) pr^B HaintQuetJn, par M. Ral>el1e; De I'existence de noni- 
breux Kadiulaires dans le Jiirnssique et dans 1' Eocene du Xord dt> \n 
France. — Origine probable de la BiHce de la Gaize et des Tuffeanx 
eocenes, par M. L. Cayeui ; Sur la presence de vertf br<?8 dans I'EoceD^ 
inKrieiir du Nord de la France, par A. ^Malaquin \ Observation au 
swjet du mode de Tormation du conglomerat il silex par Jr. Gosselet : 
Du rAle de la geologie dans 1' enseignement de le gfegraphie et de 
r agriculture, par M. Goeselet ; Xotee pour (' I'tude du terrain quater- 
Daire en Heabaye au Mont de In Triniti^ et dane ten collines de la 
Flandre, par M. Ladrttre. 



OOEEESPOITOENOE. 

The Third Tu.xis kei'obt,— Permit me to correct a few errors of 
statement in the review of the Third Annual Report of the Geologi- 
cal Survey of Texas, published in your November number, inasmuch 
as they put on record Prof, Alpheus Hyatt and myself in a manner 
unauthorized by us. 

You state that Mr. Jules Mareou's determination of the Jurassic 
age of the Tucumeari beds in New Mexico has been sustained by 
Capt. C. E. Dutton, Prof. A. Hyatt, and Prof. Robt. T. Hill, and op- 
posed by Prof. Jus. Hall and Dr. J. S. Newberry. I am sure that 
neither Capt. Dutton, Prof. Hyatt nor myself has authorized this 
statement. Capt. Dutton has never published a line on the Tucum- 
cari region, and I think has never visited it. In his admirable mon- 
ograph on Mount Taylor and the Zuni Plateau, he does uphold Prof. 
aiarcou's determination of the Jurassic in New Sfeiico, but In on en- 
entirely different portion of the territory from Tucumcari. 

Prof. Hyatt and I have studied the region minutely ; the former 
spent a whole field season in the vicinity, while I have made two 
special trips to this inaccessible locality. By agreement we have re- 
frained from publishing the lengthy papers either might have pre- 
pared, and 1 am positive Prof. Hyatt never recorded an opinion on 
Tucumcari, but is cautiously working up his material. 

I have expressed my opinions in the following five publications. 

1. Circular, (School of Geology of University of Texas, Austin, 18S7. 

2. Geological Survey of Arkansas, Annual Report 1888, Vol. ii. 

3. The Comanche Series of the Texas-Arkansas Region. Bulletin 
of the Geological Society of America, Vol. ii, pp. 503-528, 1881. 

4. Notes on the Texas- New Mexican Region. Bull. Geolog. Soc. 
Am., Vol. Ill, 1891. 
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5, i)n the (Xrciirreni^e nf Artesian and Underground Wnteiv in 
Texas, New Mexico, etc. ^\'8sbinKtoii, Aprii, 1893. 

In the earlier of thPM writings I said Mr. Marcoii had not been 
property understood, and his Grjphiea dilatata and Ostrea marshii 
beds were Jurassic, BB lie was Justified in affirming from the occur- 
rence of these species. But as a result of later investigationti and 
the discovery of these t:i>ecie:' associated with Comanche faunas, this 
Htatement was corrected and in the report upon underground waters, 
above mentioned, p, 129, which Wft« sent to the Geologist some months 
before, Mr, Cummins' report was published, my conclusions upon the 
geology of Tucumcari were distinctly stated as follows : 



"The writer has twice visited the Mesa Tiieumcarl and found it a 
most interesting geological remnant of the former area of the Llano 
Kstacado. The table or summit described by Capt. Simpson is covered 
with the typical Llano Kstacado formation, identical in composition 
and formerly continuous with the sheet whichcovers the Llano proper, 
some 20 miles distant. Below this is a vertical esfnrpmeut of 50 
feet or more of typical Dakota sandstone, resting upon loose sands and 
clays, forming a Bio})* identical in aspect and fossil remains with the 
Denison beds of the AVnshit a Division, which have been eroded away 
from the 400 miles intervening between it and the main body of those 
beds nt l)eniHon, Tex. Beneath this is a large deposit of the typical 
Trinity sands country, of white pack-sands, thin clay seams, and 
flf^^tones, while the base is composed of tlie typical verinillon sandy 
clays of the Ked Beds." 

Since much of this Texas report was used without credit upon work 
done by myself or my assistants, including Mr. TnIT, working under 
my direction [First .Vnnual Keport 1889, pp, i.xxxviii and 106-141] the 
state geologist, with the above passage before him, might have spared 
himself tlie tabor of disproving a theory I had long since publicly 

Concerning the age of the Trinity beds of my Trinity division, for 
which Mr. Taff, without statement of autliority or reason, substitutes 
the name l)osi|ue, I have always held that they present a Wealdeii 
fauna which both in Kuroi*e and in this country presents cextain 
transitional •Tura-Cretaceons features, but is by general agreement 
placed in the Cretaceous and so considered. If Messrs. Cummins and 
TalT can speak with posltivenpss on this subject, they are to be con- 
gratulated, for there are several geologists who have had much longer 
ftc(|uaintance with the occurrence and problems of the basal ('ret a- 
ceous in this country, who, after careful years of labor, are still con- 
servative in expression — niiiong these are I'rofs. ^\'«rd, Fontaine. 
White, MdJee and myself. 

Your sfntement on p. 314, that the (ilen Hose bi?ds were not asso- 
t'inted by me with the Trinity, but wen- retained in the Fredricksbnrg 
division, is n mistake. This was trne in my earlier publications, but 
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in my later pnpers, eK))eciaIly one upon t\w Coinnncho scHeK or tlio 
Arknnaae-Texftj) region, re»d before the lieoliiKical Itocietyof America, 
inWashinf^n 1891, and published by the. society, I KP|inrated the 
lower beds of the Comanche i<erie8 from the Fredrickiibiirg division, 
and placed the Trinity sands and <41en Kosebedsin a distinct division, 
to which I gave the name of Trinity diviHinn. The state geologist of 
Texas participated in the discussion which followed the reading of 
this paper [See Bui. (ieol. rtoc. Amer. Vol. rr, \i. 32Tj and inaamuch aa 
the section there published in reproduced by Sir. Ta(T without a word 
of credit, except for horizons, I append it in parallel columns ivith his. 



Snilon and SomenflatuTe ^r the Com- 
inflit Stritt at piMUhnl by Hilt In Ihr 
Bittmu Iff IMr Gtidoglenl Soriitg nf 
Amtrlca, Mag, in$t. 

Defi.sitios Of tub Tebr.^neh. 



Sfellon ami Nomf 


elalartoflh 


OHfhf Serin at puhl 


,hf<\ h<l J. 


Third Atiia.ttl Biine 




Of Tfxat. Sfpl. mi. 





C. TliP Washita, or liidltn Tprritorj 


m. V<il«lln..-8lm.«(8). 


Divliion. 




11. TlwDenieon B«U. 




to. Th« Fott Worth Miii»>taii*, 


i. Fort W»rtli (ai. 


I. The Diick Cr<wk Chalk. 






1. KItiinlllii rUj (H). 


Bed<, 


b. Aii«tinm«rblB(lH. 




R. niigllnier-Ione (31, 


Dii-1-lcin. 


1. C»prfn»linie«toui-(l). 


7. The GoodUnd LrmenWiip. 


p. CoiiiBiichePpskdl. 




d, Tfxaiu. 


.V TheConKncli" PMk Chslk, 


Bo«lu«Dlyi.ion(l). 


J. The fJrMp1"'i Knrk mid Wiiliml 


■ .: Piiluxi»«i.d(a). 


Cl.y.- 




a. The Ptliixy Band-'. 


n. Trill ilr »and (8).» 


A. The Trill Ily l>lvl»loii. 

l.TheTrfnil.v.rBB-KlSaiid-'. 


"(11 B. F. Sliiin>iir-l,.i) Dr. Ferd. Hrmw, 
(S)R.T.nill. 



Why, after thefteiieral section had loiiRlieen published, Mr. Talf, my 
former ansistant, should publish the arraiigenieiit of this section and 
its description ak original, A-ith no other credit given than the nomen- 
clature of the nlxive given horizons, may lie attributed ti) the early 
attempt of an alile young uortter at publjciition, Imt hi.'t substitution 
of "Bosque" for my Trinity Division, [See Bull. (ieol. Hoe. Amer. 1891, 
pp. 50a-5-2K] and his aecrediting to Hr. FcmI. Itoemer my yrederieks- 
burg divisiiin is reninrkabte. 

I am always glad to correct any errors in my work, and I have soine- 
times amended my nomenciature. Both of these privileges every 
worker, es|ipcially one in a progressive science, has, but it is doubtful if 
others can change an estnhlished iiomenchiture witliout explanation. 

In tlie nomeucinlnre of the ('umanche and U]>]>pr Cretaceous, in 
my later paiiers, I liave sought ti> siilhititute geographic for paleon- 
tologic designations of beds, but have aimed to give credit t<i the 
humblest assistant. I ask that the readers of Messrs. (Jiimmins' and 
TnlTs imiierscomiinre them witli my rejiort in the First Annual Re- 
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port of the Texas Geological Survey, pp, Lxxxiii-Lxxiviii and pp. 106- 
141; with the American Journal of Science, April, 1887, and other 
papera of mine referred to in this communication. 

The valuable writings of Dr. C. A. White, as well fts those of Prof. 
Jules Marcou (who made the firit correct determination of the Lower 
Cretaceous age of the beds of nortliem Texas), are likewise entirely 
ignored in this report." 

There are also several erroneous statements in the review concern- 
ing the range of species, but these will be reserved for future com- 
ment. KoBT. T. Hill. 

Wuihitigton, D. C, .Vor. 18. 189-'. 

Voicisio »t" ST IN Kansas and Inpian TEBRiTunv. — The peculiar 
volcanic dust or sand mentioned by professor Tudd in the November 

Geolooist occurs, as is well known, in various places in western Kan- 
sas. I found it, aa early as 1874, in Norton county, and professor 8t. 
John records it from several localities in the extreme southwestern 
part of the state. During the past year I have received specimens 
from thelndian Territory, south of Arkansas City, and from a few miles 
southwest of Galena, a locality considerably further east than Omaha. 
The sand in both these latter localities is rather more grayish in color 
than that from the northwest, but otherwise is identical. The gentle- 
man who gave me the specimen at Galena, stated that the deposit is 
many feet in thickness at this locality. 8. W. Williston. 

jMiiTtnce, Kantnt, Xor. ,'/, IS9.'. 

<;l4Sbipication of tuk obphalopoda. The November number of 
the AvBRicAN Geolooist contains a note <p. 327) on the comparison 
Tables of Olassificfttion issued in the July number of Proc. Geol. Anoc. 
iMitdiiii.ta illustrate the Presidential address. I do not wonder at 
your saying ''Bather's is the most remarkable mainly on account of 
Its brevity." As you have further reprinted the words that purport 
to represent my classification, T should like to lave the opportunity 
of saying that I am not responsible for that Table, and that it does 
not properly represent any views held by me now or formerly. 
Though no actual classification of the Cephalopoda was ever pub- 
lished by me, still the cancelled Table did represent the views held by 
me in 1888 and expressed in various papers about that dote. The 
views to which I was led were largely inflnenced by the ideas of 
American writers, and I shoul'd be sorry to see n misleading account 
of those views disseminated, without correction, by an American pub- 
lication. Therefore I ask you to be good enough to print tbe accom- 
panying table. Not having been able to read all the recent literature 
on Cephalopoda, I cannot say that I regard these as the best possible 
views at'the present day ; but I regarded them as the best views pos- 

Tor a resum<? of Mr. Marcx>u's early determination of the Lower 
Cretaceous in the TeJtas region, see Bulletin 46, U. 8. Geological Sur- 
vey ; The Pre^ient Condition of Knowledge of the Geolt^fj- of Texas. 

Hy Itol>t.T. Hill. 
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sible in IBSS, and am not aware that 0117 facta recently brought to 
light would greatly affect then. 

Faithfully youre, F. A. Bather. 

Nfttural History Museum, 

London, S. W., Nov. 18, 1892. 

CLASSIFICATION OF CEPHALOPODA. 

LIFOPROTOCOTKHIA. SOSIPROTOCONCHIA. 

>~AV-TIU>1DU. InlMMlteta ■■< AHHOHOinil. COLEOIDEA. 

UrthDcentldu <b. hIt.) rmt* wcMtnl Butrltldae OilMrhan 

Gampboc«n(ld>e tof> Ntallala Aalscocentldiie 

Polerlocenlldie EndocenlMii? Lttliallili, tni Xliihotenthldae 

AMtocentldae AcllnocersUdae AnguttlMllila BelcinDllldae 

Cvrloccnlldae gndesof BelopCerldae 

I.tealtldse InnUtltM SptruUdae 

Trochocentidiie FasUleii of Annan- Sapladae 

Xsntllidae Hm unccrulti. CliDR'rophora 

BfllotenltiEdae 

Teuthldae 

BclamDotsiilhldae 

Beplolldaa 
(Oleopilrt) 
Oiioiiodldae 
PlilloneiJdae 
ClrrtaotoiithldHL' 

Thb Movements or Muis Gi.,*cieb.— In accounting for the apparent 
discrepancy between Prof, Reid's measurements of the movement of 
the Muir glacier and my own, in your notice of his important work, 
attention should have been called to one other point, namely, that we 
did not measure the same portions of the glacier. Professor Reid 
meoBured the motion only as far out from the edges as he could plant 
stakes ; but there was a quarter of a mile or more in the middle which 
he found it iniposgible to reach. The reason why he could not reach 
it was that that was the most rapidly moving part where conse- 
<]iiently the crevasses were impassable. My base-line was on a level 
with the edge of tlie ice, bo that we could recognize the pinnacles and 
domes and moraine-covered patciies as they slowly movM past across 
the horizon. Mr. Baldwin and myself were verj' confident that we 
made no mistake in the recognition of these objects. Professor Reid's 
base-line was several hundred feet higher up upon the mountain side 
than our line, so that in looking down upon the glacier he had not 
the same advantages for recognizing the pinnacles. Of course, a larger 
margin of error should be allowed for our observations than for his, 
since our angles were taken with a sextant and his with a tlieodolite. 
But on points nearer the shore our results were very nearly the same 
as his. Professor Reid has just returned from another expedition to 
the Muir glacier, and reports great changes in the appearance of the 
front. This year the front has assumed almost exactly the shape 
which is shown in my photographs of six years ago, while_ two years 
ago the contour of the front was entirely difTerent. Professor Keid 
has brought bock a large amount of important information about the 
wliole system, but it is too early yet to publish the result, 

OlfellH, 0., Nov. 7, IS9.f. U, FBBOEiticK Wrumit. 



iyGoo<^lc — ^ 



398 The Americam. Gmlogut. D«enib«r,i9« 

PERSONAL AND 80IENTIFIC NEW8. 

Dr. a. 08ANN, for many years first assistant to Prof. Kosen- 
biisch in Heiticllwi^, and later extraordinary professor of miner- 
alogy and petrogra]jby in that University, lias been appointed 
geologist on the (iL'ologicat Survey of Texas and will have charge 
of the petrographic work of the sur\-ey. He sailed from Germany 
about the middle of Novemlier. 

A Lariik Diamond. — The second lai^eat diamond in the world 
is now undergoing the cutting process at Antwerp. Its weight is 
at preatmt 474 carats, hat it will lose no less than 274 carats l>e- 
fore it is ready (or the market Kven then, however, it will be 
the second lai^c^at diamond in the world, standing l>etween the 
•IWi carats of the Persian diamond ■■(ireat Mogul," whoso exist- 
ence is considered very m^'thical to-day, and is said to weigh 193 
carats, and the V'ictoria. or Imperial, diamonil, the property of 
the Ni^ain of Hyderabad, and the Russian ■■Orlolf" brilliant. 
The De Beers Vellow weighs 2:i5 carats, recently sold to an In- 
dian rajah. Roughly speaking, the Antwerp stone will 1)€ about 
the size of a pigeon's egg. In its prcMcnt state it measures 2. 741 
inches by 1.707 inches. Its polished surface will measure .7S(> 
inch each way. 

Cheap Am-mini-w.^A French electro-mctidlurgical company, 
which employs the Herault-Kiliani aluminum process, asserts that 
it will lie able to sell the alumiuiim at a price e(tuivalent to less 
than 15 cents a pound, provide<I it is in n ixwitiim to dispose of a 
yearly output of 8, (Kill tons of the metal. 

Alabama Bekvl. — The range of metamorphic schists and coarse 
granites that traverse Coosa county, Ala. , yield some interesting 
minerals, Am[>ng them are tantalite, cassib^rite and beryl. 
Some fine specimens of the latter have )ie<'n cut for exhibition at 
the Alabama State Fair soon to be held in Birmingham. The 
better specimens arfc found near the old town of Rockford iu the 
vicinity of Hissop 1'. O. 

The most striking geological fentui-eof thi^ district is the occur- 
rence of heavy Ixinds of a coarse schist in places heavily impreg- 
nated with graphite and pyrite and lying between extensive ledges 
of granite. Rome large pieces of tantalite have been found 
near Rockfoi-d, the largest weighing 45 ounces, l>eing now in the 
Museum of the Alabama Renlugical Survey. Tin ore also occurs. 
but, so far, only surface fragments anil crystals have been found. 

The (iKouiiiK-AT. Sociktv ok-Amkrica will hold its fifth annual 
meeting at Ottawa, beginning Wednestlay, Dee. 2H, at 10 o'clock 
a. m, Thi- invitation to this city was issueil jointly by the Logan 
(;i«b, the Canadian Geological Suney, and the Royal Society of 
(\ina<la, and the sessions will be in the House of Commons build- 
ing. Elis Excellency, the (Joveinor-lleneral, will give anaddress- 
of welcome. 
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